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(Thtt) tinJlil^-rSo HLA^XII^ttDR, DQ£<£uq)P#^fr *) s D 
R^-^OafgimA-DRA, tfH&HLA-DRBh -DRB3> -DRB43;fc&-DRB5jIfc^ t) 
D-h*£tU DQ#^©a$tt, HLA-DQAU /3l|(±HLA-DQBligfe^t <fc t) K£ 
ix, DP#^©a«ttHLA-DPAh /9|^HLAH)PBHtfi?t;: J^TZJ- HSftT^S 
o HLA-DRAft»<#>«?oafi^|±^<©»AJtfe : ?*^ ifiJK^T'f-KfcJKg'f 

HLA^7^II^m^©ta^tf^^T«l^-b7-^-(TCR)^^tTS«ofcTh 

<1*>2 ( I L — 2 ) > -<>?-uj*>y (I FN-r) . U>*h*->> ( 
TNF-/3) ^MtSThllR IL-4.IL-5, IL-6.IL-10, IL-13*S5fefSTh 

BJ:^5IgE»I4ll IL-4, I L- 1 3fc£oT<£it<*iT,a#> I 
FN-rfcJ^THMMSftSo -T&to*K Th llffllfittl gE©j^*W»JU 
Th2«m**ft*(EitTSo ffiJg©ftAfc*U Th 1 frTh 2 *B 

;^-SftliTh 2i(flliaA J «fflK:tti>Tv^ii:#»6)nT^So 7U)if> 
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*m&a mz i g e m&ms. z z t t-#£© ? u % b ± ^ 

*Wfc*iSttfli (7^-, anergy) SftS^tf^ftTV^aa Salle JM, 
et al.: J. Exp. Med. 176: 177-186, 1992), Z<D *1 t>±tz* 
=>©€7U»y>Fel d l®iSTttxth7^ m . Si , fe ^ 
®»**H<W*>il, in vitroT-T«^±i;-«^^nS3^^^^nT 
*t>(Briner, T. J. et al.: Proc. Natl. Acad. Sci. USA, 90: 7608-7612, 19 

94), M^z<D^^\^^m^tzm^(D^m^nt>nx^mormn, p. s 

• et al.: Am. J. Respir. Crit. Care Med. 154: 1623-1628, 1996; Siions, F 

• E. et al.: Int. Immunol. 8: 1937-1945, 1996) c i<Oi^7UM^ 
±©±»Tlflfi*t Kft^fc*««*i6tt rpe P ti d e- b as e 
d Immunotherapyj <^r* F^ft SV^r* fcnftfftT 
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M5o 

&m& (Positivity Index; ¥%T|fflli^J&ftftxffl2i&j&) #%££*IT^5 

A^D^ 7'©^tl(ltt**M--r^*tf* 5 i: S(Wallrer, B. P. & 
Gefter M. L. : Allergy, 49: 302-308, 1994) c 

^=¥^»±B7l/;i/y>{3(± x Cry j KYasueda, H. et al.:J. Allergy Clin. 
Immunol. 71:77-86, 1983)&tfCry j 2(Taniai, M. et al.:FEBS Letter 239: 
329-332, 1988; Sakaguchi, M. et al.:Allergy. 45: 309-312, 1990)#&§#, 
Z*ttm&mm<D9 0%W±ttCry j lhCry j 2*ft*ftfc**t- £&Jtftj& I g 
Eiai***-3T*D,»t) 1 0%SOM*±,Cry j lXttCry j 2© 
fcttf Sftgftl gEftMtotl^ (Hashimoto, M. et al.:Clin. Exp. All 
ergy 25:848-852, 1995).fl£oT,*IBW#?>li, ^=¥^»^tz*tf5^^ Ffcg 
3^StwCry j l©^«VN{±Cry j 2©^Tttit h -r&ffl^fcfc^fctt** 

-r&tfCry j 2©T*fflflS^t: b-T^PJ-^rt^fr^fix f h-^^Kb 
fco ^etT, ^M^fi^-t K#in vitrofc£^Txre»SJ&#0T«l 
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lOTlM&xKh-r (ff»¥8-153527?) fc7^7U^J,Cry j l©T*ffl 

o 

*ffl4©JMfc*«rfc£«xe Y-7^-r* wry 4 >fcoHTBMIirS#,* 

^atW?,^{3^nT^Sffe©^U;^> N (Ambal.A 
mba2,Amba5,Ambt 5,Ambp5) (Dacg2)^VA 
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* (Lolpl,Lolp2,Lolp3) 1*lZ<Dm*imsH>;* (Alngl 
) , AM (B e t v 1 ,B e t v 2) (Juns 1 ) ,x>ew 

(junvi) tet-<D®*rtm,m^&?<Dmz.zizmmLte^$£g 

h*£:*>t^) &fi«ttlcj«gUTl^i:Lfe^rf-K*Jllti*-rSo *fc* TUB 

& 5 ¥ - > v - $ fct U is > ^-r x 7 - * m ^ S d £ % & . 

MO^lxt h-r^r^ K^+f-T >Cout> Wl/y>Cry 
j lis J: VCry j 2*WtlTffif!8t5, 

^^»ffija#**jfll»J>M«*Cry j ISfcttCry j 2-e*!l*U 
T«BBS7>r> fcflMKT*. Cry j KH»filB»94/01560^)*fc{±Cry j 2(Komiya 
ma, N. et al.: Biochem. Biophys. Res. Commun. 201: 1201, 1994)©±— 

£u Cry j l£fcliCry j 2^±TTTOx t h -rt UTISi££ 
ftST^yKKfllfcli^ra (01, H2). 

t HLA?-?;UI#^©ii£^ffi&;:fcj\ DR. DQXVDP^A»#S"rSi 

DT«lia©^'fb*»«S$nTVN'5nr«Ett*ati*UTV^So *<Dtz&>, Cry j 13- fc 



WO 97/32600 



7 



PCT/JP9 7/00740 



DR, DQ, *fcttDP»?ft^bTfiUH^r^-Kfll««tt«lofcT«IStt, T 
U«gftJg»H:#ti 1 0 0W±O*©^t5) , (2) m3i*ig©1&^HLA* 7 

^ii^^ffi^a^^fcUTv^^r^Ksa^-r-s. (3) sB^st* 

1*7 u >© tibibx t: h -rftjijRt- £ *5«a©7u;^-jlt© 
7D * * ^ae***©*^ Taws* f h -r*aiR-r 

o 

HLA n:TD*-f 7©DPB1*0501 £08fcfSfc, & S 7" U * B 
*Afc##d0 HLA A7 , n^-f7')!ffl«|t-eB«>&n, C© HLA A7D^7 

^ft<^ ci© hla ^7D^^rttB*A*aT©ae^«aE#39.o%i:^t 
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2>e itT * V * Xfr *> HLA-DP ftm&OTMfox-V \>-7%mtRt 2>%t> DPB1* 
0401 (ftT^'J*; &A30.2%, MA11.1%, B*A ; 4.8%) «ft«^-r^*f 
*S. MJI^^DR, DQ, DPfcl^.fcSfcg&SiBfc^gu^K 

»*u^o ^>^^-r >^a^n- h-rgpi4(c^^nT^st, hla^^ii^ 

xfh-7i: L-£I£i82ftfci§i^l3& N 2@i, 3@BCD^r*- 

WT\ ^IiK h-rrlf >©A(*:WSSt. Ill 1 tm 2 £m LfcCry j It 
Cry j 2©MgjKteft*flH^fc, Cry j KlfcttSTttx t h-rcDaSftJSft 
^^HM43#OT'5>'K#^211-225 (WTp211-225i:a^"rS) (ft* 
^ DPArOlOl - DPB1*0501) #-«S< % ^7* K#^22#pl06-120 (}*)*# 
^ DRB5*0101) WgffeSo C©2#ii^Sxt: h-r^r^ KKftfflfSffi 
JK^^PfcUTajrcSSe Cry j 2t*{tSMMffifttt, h*# 

^14#p66-80 (ft*#^ DRB5*0101) £38#pl86-190 (DRB4*0101) &M<mmiZ 
tnM^zn-Yt^Tmfe-ZZZx, Cry j 2<D^7* r*«38#<OBufc{4B-t 5^:7 

K#^37#pl81-195&. *5«ffi«[A«280-e&S#i*i*^*tDPAr0101 - DPB 
l*020lT'&tK 38#4>ftm#^£&J|fc£o K37#pl81-195ii^:/?- K# 

■^38Spl86-200hlO^S^-A--7 y7lt«!l, 38#©j|y £37#©5aS£ttJG 

Ka^fcttDQftfcttS^rifli^r*- Ktt#SU*^ 0 Cry j lCD^T"^ h*#^ 
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^-r >a*#£*ft3 &fc^ 0 cry j 2©^t?- k#^69-7o#iis£M3 

TSp341-360iiDQAl*0102-DQBl*0602 «^n5^7f cn^70 

*>p344-355 (ISLKLTSGKIAS) 5. Cry j 1©^7* K#*22»p 

106M20ttl07#Bfc2/*y<f TIBB^D-^tttfliUfcTttBxKh 

-7 , ©=i7'SJ!I©^t:J:-3TSfi^5&iByiJH:pl09-117 (FIKRVSNVI) ©9£|S 
T-£So -r^t)*,, Pl06-107#B©Pro-CysaS*|»ijbT*(effl"rSifctf7?& 

^> o 

T- H\ £ ®ft*g&1^© tt>?&i^<Z)1ftVr (3 * =r 7 is >B#H# UTl>4 RTfi6t*A*JB 
^^nTVA?> (Bigmm. B*fcft##(1995)25:75) o 

<PftO©«a©«SJR^r^KOT6^Tf*5 (Rammensee, H.-G.et al. Imnunogen 
etics. (1995) 41:178-228) 0 Z<DtzV>, mm^7T Kfco&tffcSMftfc, jgffc 

-f >f L^o *x rS/>B*»B«-r«^rf- KK*UttAi^Arg-«ulcttE 

«-Apg*ftttLys-Ly8ft(*4Db, »Ci<xt h-7i2?ijii Arg-Argg; fcttLys-Ly 

s $ u t Hi*** ^ y Kee^i r * <t o iz eb -t s » 
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Argfc^r&S mmZffl?<&gti s tJi^t%Z.<2tiZ>tf s Cry j 2(0^7* 

KM14# (II 2) HHUTfciu CL©^r^K<D&¥t3Arg£}g^<r3^ 73#© 
7yr&m-T>*>-£* D> ttJn UfcArg&gfrTO5*0101CD^:r^ K 7 

©#»xtf h-7 , Of9*^tt % DRB4*010h DRB5*010K DPAl'0101-DPBr020h 
DPAr0101-DPBl*050K DQAl*0102-DQBr0602T'fc S, ^1103^1^^^^ 
fc*^TB*A*ffl(l*W'Scn&OJtfi : ?«flE*»8tlf*nTUS (Tsuji, K. 
et al. HLA 1991 vol. 1 (1992) Oxford University Press) 0 DRB4'0101J±0.29 
U DRB5*0101fc*0.056 (DRB5*0102(i0.070) , DPBP0201&0.208, DPBr0501tt0. 
399, DQB1*0602&0.053 (DQBl*0601(i0.204) fc*W*ftT^3. ZtDOLfribtm 
*WE*fr**-SfcDRB4*0101=0.50 N DRB5*0101=0.11 (DRB5*0102=0. 14) , DPBPO 
201=0.37, DPBr0501=0.64 (Hori et al.<0tt*T?l±O.79) N DQB1*0602=0. 10 (D 
QB1*0601=0.37) tttnZtiZo DRB5*0101i:DQBr0602ta:ati^#!|gA»$4-rs 
fc»PJ-£:#.&-&5fc«> x DRB5*0101tDtt3&»ttfflT*S« B*AHH-CDPBr0201 

it. DRB4*0101i:DRB5*01010jiio**fcttM-*&m^tS«*tt0.56i:irll*ns 

7* -mm m±imx § a itu * * j: * 90 % ^ am *> e> n & . u u * # e> , 
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MxKh-r^|c*W>t5^fC*5. Mil Cry j 1© P 213- 
225, plOS-120, Cry j 2©pl82-200, P 79-98, Cry j lOp80-95, Cry j 1© P 66- 
80ftCOJift:o^«Mxl-h-^>r^K(Eyj|«: 2K **^tt. Cry 
j l© P 213-225, plOS-120, Cry j 2©pl82-200, P 79-98, Cry j l©p67-95, Cry 
j 2®p238-251, p66-80*C©J^^ft:■^«iV^«Mx^^^-r^7'^K(EW»: 

o fci*.tf % *»fiith-r^K*©^o7Ui^ i) JSfeibfc 

7^^»K:lltt-rs*ffi^ Asp * Glu fc, Asn £ Gin fi x Lys * Arg fc N p 
he * Tyr £ x lie £ Leu C x Gly £ Ala Thr * Ser fcSJftbfc^n 

^^^^^T'^yM^tt^^y^T-^)^ Ala a7Kte^^y^M 7 jc^ 
7*;mz-$>Z Ser fcBftu * i:®^:/^ K fcit«fa 6 iz LTf#e> 
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ti2> 0 

Cry j 1 a&SVAii Cry j 2 K tfiJtS-rSTttlliatt Th2 £ T 

hO ©f4Jt*tf1*3fc®#£^ (H3x BI4) * BCG9 £5 1 >tt*Blfl§te& 

*Sfc«>fc:tt Thl *^7©Tffljia£^gL&ttft«&*>&t\# N BCGgiffiLfct 
r0T*HJte*D-><DttR£tftirrSi: Thl 7®T*M&#£mc: 
ftT^S (1ST *¥x fB45HlB*7'l/;i/^-^# % 836K, 199550 0 &T©$B£ 
fc<fcfti£ N HLA-DR14(DRB1*1405) l^ttt^® BCGa ^6084-100 TUmS. 
W ( EEYL ILSARDVLAVVSK ) £ ISMf 2> Thl ^D->A»#St-So B*A© 
60%W±#8oT M SHLA^ rn * 4 7"t-& £DPAl-DPBr0501 TflMSj. 
^h-T-^S^U (^J^MlOCry j 1 43#^7*^ K (p211-225) / KSMKVTV 
AFNQFGPNK C©^7"^ K £DRB1*1405 ftftttOtS&B BCGa Mfi©84-100 Tifcffl 
!&x£ h-rho&v^f-fixt: KEEYLILSARDVLAWSKRRMKVTVAFNQ 
FGPNtt, DRB1M405 ®a7d r&jtox»iif Clife £«t^fcifrfc & 

Kzt^TLbtiZo cL(DXo^M^^h-y^y^v^m^tat, BCGa 

JSft^T'f- Kt:«toT Thl O'J^^A'fX IL-12 ©g£**JBf$-e£S 
o IL-12&IL-4 £ffl£-f £{fffl£&*>, TflBJISfctifc&Vvt Th«© Thl ^© 
ftib*mmtZZ.t&%<<D\i h&£WOX(DmT-%\t>tlT^2> (Manetti, R 
et al.: J. Exp. Med., 177, 1199-1204, 1993; Wu, C, et al.: J. Immuno 
1., 151, 1938-1949, 1993; Hsieh, C, et al.: Science, 260, 547-549, 1993 
) o fttz^ Manetti m<Z>n%kt£mT'\ty-7\s )lf >©— £ Der p 1 iHM 

«fSW&T«iigi^D->ttam Th2 ifimmztiztfi, u-12 &&tx-& m x 

14 ThO tmmZtiZkZtir^Zo ^ot, Thl I$^f&£}#oT;iffl!}Sx £ h -7* 
fcfflV^dhKctoTs Th2 !5§#&CDT«# Thl Xtt ThO 7*®T*EB 
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CW7t^C(il3, 14), IL-2*4**»JS»CJtttLT* 
fcfcffiT-TSo t hO«!af^*^©|«ttIL-236»«'>fSilO?8g(J. Allergy CI 
in. Immunol. 76: 188, 1985)#&5„ Sfcfc, *«l!90f lit |c 



©**i*nft?SttfliU (HI 0) , 3b»oA*lgER#fcK^ U ft^ (118) . zti 

a» (&Tx »ma) , ^m, go, mx, 

^OTaVE^t^^S^^yKcDl^gB^KiSaiBtt, IUPA 
C4fb^i«^taot^^tife^!Btt5 (^b^S$^ (!JS2JK) 146 

smm. i . i#qs) 0 

M 1 *3rtt»M#**©«iia^-r >©Cry j 1*— a— 5 ^ y^y^- 
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03te, Cry j \<DtKm^7* K*J*DJfe*aHLA* 11*4 raVMSKffUSi^ 

7? k tYLkz * iiftm^oa^fcfcssaf s t fans? n - >©Th# >r r ^ 

•t0T*2D£ o 

DP)t*w-s^*g**^-r0-eftSo 

So Hl*aSt/b(iCry j lONo^&U^©^:/^ Kfcttjfc U ciiCry j 2<DNo.l 
4£*tJfoU <k ete, No. 37-38 (pl81-200) % No. 69-71 (p346-365) t^ifitS. 

08fciu ^IxKk^F, C.A.#K C.A.#2, C.A.#3, C.A.#4, C.A.#5 
x C.A.#6c7)t h I gEt(D&}&&Z^tmT'$)Z> 0 

09fci\ T«llia^D->tJ:5^ax^h-r^r^Kx C.A.#4t;^i;tt£T*ffl 

01 2^©Mm#hl7«©^^^^^©^Jfil'J >^St^t5E?J 

01 2tt, CB6Fl-7-i7^t^-ri,X^)ff&Tb;i/y>Cry j Uft-S-fcJ; SfcgJS 
g©S§# ft ^ T0 T* & 5 o 
01 3tt, CB6Flv-i7*lc*tf 6Cry j 2©No. 14^7^ K (p66-80) S4(c<tS 
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HI 4tt N Cmwtzizft+ZCTy j 2©No.48^7-^ K (p236-250) 
5 : £ft JS£ & m t M T- & -5 o 

Ell 5B\ Cry j l©No.22^7^ K (pl06-120) ©n^T* y 
f HT-;fc3o 

HI 7B\ Cry j l#22core^7-^ K©7 S y HIi7tD^7f K£*ff 3 
T«IIS^D->pj7-9©itfliJte»tt*5J:Uf*©l»©-b--C r *^f >jg£M£^irHT- 

So 

HI 8H\ ra±7^D^r^-Ht:»-r5TfflJ!a^D->PB10-18©iiSli6«?te 

^WJ 1 T»JS^>f >£ffl^fcCry j l&tfCry j 2 ©T«it r-7CD|i^ 

18*O^^MA#**jflii;>/t3»ft, *¥f£»7Wi,y>T?*3Ci7 j It 
fcttCry j 2TW«bT, #Tl/;i/y>ft»Hflt,t:B B |t**T|BB5-f >ftjft#S>j 

*B*BIJ8H*x 2#M©tf--n--7yK>^7 , *-r\ 2xl0 4 fllGDTiifflfl&5>f 0. 
2ml©15%jfii?f$^t f RPMI-1640Jg#^^T-2BP^#t, 0.5//Ci©[ 3 H]?- =• i?> 

* £ 8J5£ U fc o ^ y * F Sftft U eg© [ S H ] * ^ y > (DMMftm *) &^©M ft x 
K i^*f M W 5 v t) 5i^M©flTfiJ £ d i: j; 

■sTff^ftSfg (WJftftft/Stiwilation Index) j&W±-e*3»£4, »u 
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Cry j HDWiGs #Jft*#RM1-SCry j l^iOTffl§§ith-7M(i, ¥ 
^9.8T?ftt)*©«5ffltt4gxt K-rjR^lSTftofeo ffe^K Cry j 2<Dt%&i*¥ 
$8.7?* !k *©«SHtt2^xtrh-7 , j»^13tffe-3fco Cry j 114, 3537 $y 
& Cry j 2&379T* >>KT?*|j&£*iSfcto N 1007$ !>*i#J:*2 
. 3~2. 8@pJr©'M§x th- 7-SP{3i^#S-r 2> C {3 & So 

m&mi&?2>iKm^7?-\<*m%Ztlz^y7'\stzo *GD*S3H, Cry j K Cry j 

iKh-rrtCitttt^t r «J£*§&j Siajbfe (H|5£&l?im94/O1560 

Ell fcEI2£*©*g*£avro Cry j 1£*5^TB\ ^7*- K«43# (p211- 
225) #Sgg*i»*679?-giS{g£^U ^7*^ K#-«§22#©lffttt578, ^7?- 
K*^4«©*Bfttt373i:J*^T^S 0 Cry j 2fc:fcOTHu ^7^ K«14#©fg 
ffc#709T-§iSf«£^U ^7*- K=M38#0}itt#68(K ^7?- K#-^48©ffi* 
#370i:^T^So ^7-^ K&ft*S*%*bfc»£fc:fcJ\ a£ft&ft©tt^ifi 

^7* k— 3*a^L^7-f- K*«*ai:bTffiffl-rs*acA»fts^ mm 
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943<2:22«ftBM'r«m2 « [A*B (WTPBfcHf) > ifJ (PJ) ] i;Cr 
y J 2t*^TSnMft*B»*^-r^^ K«14». 38#. 48#, 69#£fgfa 
[PB, Amc (PC) , MB (PR) ] *m&\sZti*>(DZ*m&te 
®*ffijfliy>^«&Cry j l*fet±Cry j 2^fiJig[bTCry j l£fc(±Cry j 2£fg 

PB : A2/24 - B39/55 - Cw7/w3 - DRB1*1501/0901 - DRB4*0101 - DRB5*010h DQ 
Ar0102/0301 - DQBr 0602/0303 - DPArOlOl/0101 - DPB1*0501/020K 
PJ : A24/- - B61/51 - Cw3/- - DRB 1*1501/0802 - DRB5*010k DQA1*0102/0401 
- DQB1*0602/0402 - DPA1*-/- - DPB1*0501/0402, 

PC : A-2/2 - B54/51 - CvlK DRBr0405/1501 - DRB4*0101 - DRB5*0101 - DQA 
1*0301/0102 - DQBl*0401/0602 - DPAl*0202/0202 - DPB1*0201/050K 
PR : A-ll/- - B60/35 - Cw7/w3 - DRB1*0901/1501 - DRB4*0101 - DRB5*0101 - 
DQA1*0301/0102 - DQB 1*0303/0602 - DPA1*01/0202 - DPB 1*020 1/0201) 0 
Cry j l£^JlttCf5iat-6T«*n->£ N PBi**ffijfli >; wufcfr e>tt35 

«su n&**mtoi)>'Wfre>mmmm&Lizo mmtz. cry j z^mmz 

B»t-ST«|ia^D->* N PBS**ffijfiiU>^^t,|f318« N PCft**«jfli«; 
D->(±±TCB3% CD4\ CD8\ TCRa/?\ TCRr ff-CfcSfcfc, »*^ttHL 
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v-f y>CSiLIlfc5xl0 4 i(DgBft*BW, 2juM©#--M--7 y V>7^7 
^r*£tf2xl0 4 f@©T«*D->£ 0.2mlCD15%ifiifS^^tfRPMI-1640^«^^ 

t-2bp^#l, o.5uci(D[*mr ^is>zmu&$ $izi8®m%mLtzo mm* 

imLtzCry j l^ra-r§T^flg^D->©^T'69% (34/49) Htm^is* 
73- KJM»£ttbTJi*Jfc«45vU h*£|5]5£T* t fco IMCi, Cry 

j 2£s8s$T£T«*d->©*t-, 69% (40/58) fcfc^Ti/CJR^:?^ K=M£ 
T-^fee Cry j 14«rHWfcB»rSTi|«aa^D->{4v K#-t4, 13, 19, 

22, 30, 31, 39, 43, 51, 66#, Cry j 2*ftHjgfc:R»f 3 Ti&BlflS* D->(i, 
^r^-K«4s 8, 14, 17, 31, 37, 38, 48, 65, 66, 68, 69, 70#£!Si$UT 

nmm2T-ffiiLLtzmm? a-><Dmmfo£mz, hla-^*ii© dr, dq, 
ztz&mzttLzttmmzRfot u-^frzmtoLz, ngmomma&w 

96-£a:jl/$ ?Dtg#7*b- h±T*, T>f hv>f ^>C«iatfe2xl0 4 flS©iB 
fi*B|ffl», 2^MO*-M— 5.»;K>^r^ h\ 3//g/ml©#i DR, DQ, £fcfct 
DP^^D->tn;** (^ h>/^V **>V>tt«0 , 2xl0 4 fiOT«^D-> 
£, 0,2 ml©15%lfil*j|£^itfRPMI-1640 *gf#J**-e2BIStg«U 0.5/zCi©[ 3 H] 
^5$>>*i6j&D»i*e>fcl8B3P4l*3*Lfc. *fflfl§£ttM-^*-T-#7*;M 

3*D&^£$J5£Lfco t££*EI5fc^-ro CL<E>g]frf>, Cry j 1 pl06-120. Cry 
j 2 p66-80. Cry j 2 pl86-200^7-^ KcDjfcjjfc^ &DR, Cry j 2 p341-355 ^7 
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f-KOffiJSf^ffctDQ, Cry j 1 P 211-225, Cry j 2 pl81-195<2^3l#^{iDPT-& 
3MI4#,i) o 

HLA* 7 X 1 1 aHE^f jgg U #I§I£T- * fcT«* D - > DEC 

*-r\ 3Ag/ml(DJn;DR N DQ, *fettDP#^D->Jftf*: h>/^^ y*>y> 
x 2xl0 4 <@CT)Tififl&*D->£0.2 BlO15%ifli«|*$trEPHI-1640JS#a* 
-C2BHfc*U 0.5//Ci©[ 8 H]^^i;>*«iiD^$e,t:i8Rp|aiS#Lfco 

T«lia^D->(DliSlrt;«#SiE^nfe«^t: x ^^^*|bI^T^So Cry j 
1 Pl06-120^7-^ K*^-r^^^(iDRB5*010K Cry j 1 p211-225^7> 
Ffc^fSftJfefl^ttDPArOlOl - DPB1*0501, Cry j 2 p66-80^r^ K£Jf^ 
f SJ^*^«± DEB5*010K Cry j 2 P 181-195^7*^ K *Jl^r*^m«^?l±DP 
Al*0101 - PDB1*020U Cry j 2 pi 86-200^?- F*&KtZto$ift=3F\±fim*01 
OK Cry j 2 p341-355^7^ H 3^m#?(2DQAr0102 - DQB1*0602T"& 

ofc (06) o fc®*Vh-7'®mz^T<DMtftl&%im3RUm4iZiZM£ 
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D->«*'IISt5xt h'TMU IL-2, IL-4, my (DM 

*B«#u 2//MtDih' h-r^r^ h\ 5xl0 5 ffl©T«BflS^D->^lmlCD10%t 
hi&m$:^trRPMI-1640tg||^*T-24^^Jg#tfco i£<l>T"«£ tgg 
±**£f#fc e ^#±^^©11-2, IL-4^ IFNr&rUHEcDELISA*";/ h [IL-2(R&D ft 
*0] x IL-4 Ki?i = .^^tt») > IFNr (*&7y%4mmi$L) T'MZ. 

&mM?n->om£.?Zll-2s IL-4x IFNyM£H]3> EHfc^-fo Cry j 
1*B»1"5T«BJIS^d->H: n Th2i£ffl«l2, ThlMtfK Th0^fflflS^16ffe »} , 
Th2#Thl,J;!3*,£*^fc#> Cry j 2ftK«-rST«IJIS^D->ttTh2«Jia*»lO % T 
hl«#8, ThO*MS#8T?*D N Th2fclMfcttBie£-C*ofco i^©T»D 

IS*D->fc:«fcoTTh2 % Thl, ThO* >f Isl-Oxf h-7\ |5j— ODfet 

TC^So £tte>®ISS«U Cry j lg-fcttCry'j 2W«ftOT«J!a©Th2, ThU 

Cry j l&VCry j 2^*tSS"r SlgEtfMfcxh: r--7a${ft&E5iLfcJ|gjB, 
Cry j lfctt£©-&#Jg£gii-r5IgE:r.e h-7tt#SUj:^Ci:, Cry j 2fc 
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h © IgEffittx f h - r»tttt x T«x £ h - rSBtt & ft fc 3 «tt? fc o fc . 

£©»££*>*:£, Cry j lStfCry j 2©TIHIIISiK h-riaJ(4©-5 ^ % 0 7K^ 

J&U "vr*KcttBI2©Cry j 2©No. 1 4fc*tfcU d, el±*n^*ig| 2 O 
Cry j 2©37- i 38STjt69-71©T^yKCD-aJ*e.aSt.©T?*So 

K-TS*^ 2-3©^7-f- r*fcafcbtta-b©Jg"?H£L8»>©3o©'*r?- h* (c 

C.A.# 1 . a-Arg-Arg-b-Arg-Arg-c-Arg-Arg-d-Arg-Arg-e 

C.A. # 2 . a-Arg-Arg-b-Arg-Arg-c-Arg-Arg-e-Arg-Arg-d 

C.A. #3. a-Arg-Arg-b-Arg-Arg-d-Arg-Arg-c-Arg-Arg-e 

C.A. # 4 . a-Arg-Arg-b-Arg-Arg-d-Arg-Arg-e-Arg-Arg-c 

C.A. # 5 . a-Arg-Arg-b-Arg-Arg-e-Arg-Arg-c-Arg-Arg-d 

C.A. # 6 . a-Arg-Arg-b-Arg-Arg-e-Arg-Arg-d-Arg-Arg-c 

^Hi«6Tf?§fe6«©Mxth-r^r^K (C.A.#l-#6) &0.2Mff& 
ISSiM (pH4.5) 0.1il/!)i^77s;^71/-h (^B*MHtt^ 

) fcJn*T4'CT— WILL fii^*«[*Mt*bfca N ft#$T*3[n]ft#U 29 
*©*¥ft»M&Vtt*rA]fei» (4{g#fl0 £Jnx.T, 37«CC4B5IBI£;fc$tffc 
o lhm*ffi£'&^ Mf30^L, Jah MgEfitflc(PhariiaciattW)*Sax- 
ife&JfcS-e&o &8^T-3[5]$j^ s o.lmM 4-^^^>^ij7iU;i/-^-D-^7 
* bt^y^K/O.OlM U>Mffflft (pH 7.0) , 0.1M NaCK lmM MgCh N 0.1% 
NaN 3> 0.1%BSA©£K«i*fcJn*, 37^T*2Bf 0 0.1M ^'j^>/Na 
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OH, pMQ.mm*ZtHztoZ-TBLfo*&±£i£^ Ii###ftgIt(Labsyste]ns)T- 
29££Ttf)t hMft, 6a®llith-^7fF (C.A.#1 

(7*^>£fiB:ll2, Cry j 17UM >tt±230) „ ^S^fcTh 
^^.^V^il^JB^Ufe (18). 

96-«>i;i/* £Dtg#7*U — h±Tv^ h ^>>C$aSLfc5xl0 4 f@O[)gBS 
3fcB*fflMU 2xl0 4 fI©T*EIS*D->£. 0.2ml©15%ifoiS£#$fRPMI-1640tg» 
$4»T\ fctJii:LT50Aig/ml<2Cry j K 2jUg/ilflDCry j 2, 

g/nl©C.A.#4^a:nt: h-7*^7"^ F(D^1rtifrtmz2Bm%mi^ 0.5/zCi 

®[ 3 H]f-^s;>*»iDit$e>ti6«fiaiis§iufco msm^-^x^-r-^^ 

*7 -f )I9-Izmm\s1t&* ^i/>^U-S/3 >*-7>^-T'[ 3 H]f-^ i?>© 

Cry j 1 pl06-120£ggJ^£T*fflJ3S7O->PB8-3, Cry j 1 p211-225^rat 
3T*fflfl£7D-->PB8-34, Cry j 2 p66-80&R»1- 3T*fflfl&7 o->PB4-22, Cry 
j 2 pl81-195£Ig§§S-f £T«*n->PB14-5, Cry j 2 pl86-200£3ift1-3Tfffl 
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ISf o->PB14-34tt^fn*JftS^r?-KtJ:<Si6;UT^5. Mik 
&LT^5 0 Cry j 2 p341-355*aaKT STUMS* n->PB14-19£H tttt, ^ 

ri:UT«fc<^iU TIMa*^SttflJr«l6*4«»bT^^*^i:t^UTV^6. 

640*g#fcfcssufc*, 96-»>3i;uAiSJS#ri/- h©*^i;ut2.5xl0 s ffl/2 
OO/zltfcSJiSfciJfttLfco iEyiJ#-t : l©tHxt|s-r^7f Cry j 1 
£fcttCry j f h-r^r?- K#glfc«jK0.001~20/ig/ 

■K Cry j l#50/zg/il x Cry j 2#2Aig/ B lfc&£ j^fcjBflnu 6BlffliS*l,& 

0 0.5/zCicD[ 3 H]^^^>S»UT^^tl6B#TO#Ufeo 

01 0) o 

«#«fcit«l,T*^«tt«*Lfc 0 £06**6, in vitr<n?-f#fc 
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<Oa8£j&£t£#tBJfc£ft&frofc 0 17£©Il#TS;tg;rT-9,652cpin©[ 3 H]^ 
y>0«D&##ta*3ftfco mjifij^^u©^ifa.ij >mj3c©[ 3 h]^* v>© 

*M»ffift (si) -e&siu lfci^ufeo Wxt h-rora^o» 

^^in^^n^ii^^-rc^fw-rs^, i7*©A#©*-ei3« (76.5%) £tusi 

76.5%©S#tc^^-t-<7-^ K 3 ft S„ 
J£©^?»J § 5 h n 2> c 

^ffiStfiJl 0 T^^$fflVNfe^^«&Tb;uy>^#t«J;S^S^©SI# 

«7U;vy>, Cry j 1 fclEilSfc CB6Flv<i7* (fflU 5E) ©&T 

C5BHIHT2|H!Jfc4Lfco 3> hD-;i/i:tTl5l^S© PBS £&T&# (ML 5 
E) bfco £fcl;:5B&fc Cry j 1 lOOjug 4 Alum 7^ a/t> h* hft£j£Tt*£ 

•>X0»J w^ttffllllS, Cry j 1 fe#vi7^©U W^M£*ft^ft©g¥3M£-e 
7-;Hfe 0 V Cry j 1 £ 0, 50, 150 jug/ml jinx, $ 5> 
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C3B«l*#ftfjfcl,\ W±»*«*UTd*n« IL-2 ftjgjfcUfc (Endogen 
o *®IS**EI1 2\Z7^to 3>hD-jl/M5 PBS fe47-)^li C 
ry j 1 m&ifi 0, 50, 150 //g/ml tMfintZtmz IL-2 ©g£*#«anbfc 

c -2k Cry j 1 &J§--?t?z&ztit><Dzi> h D-^ve^tlt^TOtC IL-2 
U 7»7W^>g4iao t ^^ 41;f;o CCDij * 

H»J11 CB6FlV-i7^©T«Jit: h-roD^J^ 

8att©liCB6Flv£;*£7$;.a.^> h (Inject Alum: t77tt») 
&X.Cry j 2 (rCry j 2) 10#g?2»R3*$C3ll]fcfiL;fc(ip)o g^^^e,lU 

3>tt§!D l*x;Wz*tbj»«MS (5X10 6 ) *15»ai*»e,«tS74«W©Cpy j 2© 

*-^-5^>^rfi» (o.mjuH) <D*ti?titmzoM(Dwm%m (i 

0% FCS, 2mM 1-7)1* K 50U/ml ^-*>i)> N 50>ug/ml Xhl/7h7^>» 
) Tlg^bfeo ttJBfcUTPl^ 50>ug/ml Cry j l s 0.3^g/ml rCry j 2©**i* 

tnzntzKfo^m^tzo &*com®t£mizftLw x . } \ /mmLs 37 . c> 5% c 

0i*#T-C3BIBI««bfco «^©6^^0.5>£/Ci/^x;KD[ 3 H]-^-5 v>-e^-;u 
*5^;i/£fru-fe;w\-^;**- (Inoteck, r K ^ + ^>ttK) T*« 

(TRI-CARB 4530, /ty*- Ky + ^>a«) T*[ 3 H]-^ =■ ^>©*fflflSrt&D&* 

rCry j 2Tfft« LfcCB6Flv **(±ffijre* £rCry j 2t||^fiiSttft^Lfc4* 

W*«£JST**Cfc#teR3ftfc 0 LXs rCry j 2TJfcgLfcCB6Flv$att 
x H^fc74«S®tf-M-7s/e>^:7*- K©-5^EI2t^'rNo.l4^7 , f- Ki: 
M3gg^&j&gtt£^Lfc 0 CCDCli:^e»CB6Flv^^(z*^TNo.l 
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jjigtltzo t McfcoTfcNo.M^No^S©^:/^- h*te±gT$|jj§:nh; h -7^7? 

13¥8E©MCB6F1 (851^ £1) v-^lES D£S£lfi*fc:ig#Lfc3ng No 
.14"V7> 5BB8PH-C2IsljST«!^bfco Mm&t UTti^M (100/zl) © 

A(Imject Alum)i:?g^UfcrCry j 2(50//g/E)T*^T©v £]&T&3g Lfc„ 
ft38Eiaffl«t:#4?©v^^35pe,j»|BIJia*W«!Ufco 96*x;i,7i/- h (77;^ 
>) l^x;Wz*fUMJ® (5X10 6 ) £rCry j 2 (3/zg/ml) £ft£0.2ml<DRPMItg 
*fe (10% FCS, 2mM 1-7)19 $ 50U/ml ^i/U> N 50/zg/ml ^hU7*hv 

y>ti*TiiBiJBit«to«i^tt, nmmiizmmntziimzmbx'rtitzo 

h*W > >«|^tt, ^St»f;3»^^^(0.3, 1.3, 10/*g/ml)fc 
o^T N in vitroT-0.3Aig/ml©Cry j 2T?JM*Lfcfc *©i8*±i»£ffl^fco 

S«»tWU T««S©*«J««tt^31Ali*«^SItJt^*S(p<0.01)fc:«iSiJ 
(mi 3) o IL-2jg££||UTfci:, 3tt^^7^h*ift##fc:3sivc*ft 

fOStftJ 1 3 JnJg^T'^- h*No.48<7M > trtfCSsttS&ftJfcg 

6aW©JtCB6Fl-ee;^igcs»)4aifttt7kfc*»U*:3ng No. 48^7*^ 5H 
P^HT-2(Hl^TJ9;#Ufeo i:bTfctt¥M (200/zl) 



WO 97/32600 



27 



PCT/JP97/00740 



K»#*65BBt:7'yiM> h (Iiject Alum) fcfi^LfcrCry j 2(50//g)T£ 

96«>x;i,ri/- N (7 7 Jl=i» l>>i;i/t»L»«JB (5xl0 6 ) £ r Cry j 2 (3 
^g/ml) i:^0.2ml©RPMIlgJt (10% FCS, 2mM L-^U* $ 50U/nil^-*>U 
50flg/iUhurK^» tlSIlL JtJHfcUTrCry j 2ft**fcH 

CB6F1T fc*4Mio.48*W K S&Tfc^ LT4J < tm < rCry j Zlz X 5 fct 
P<0.05)o ^©CfcfrfcT^C^^WBfca^TNo^'*:?^ F-tt^WTL, 

^^-Mb^r^K^ftijfacfcis^B&^^i-scii^^nfe (014 

) o 

MMM 14 d ^ffifli©^ 
Cry j 1 ( P 106-120) OTJBM^-f >*J:tf T*MS*d-> 

®^^K©N***J:VC**<P&ia*^oO7'5y»*l!iJ|»LTplOT-120 
(p22-2), P 108-120 ( P 22-3), P 109-120(p22-4), P 110-120(p22-5), plll-120(p2 
2-6), P 106-119(p22-7), P 106-118(p22-8). P 106-117(p22-9), P 106-116(p22-10 
), P 106-115(p22-ll)©l l«*©^r^-K*^r^K^j««|(PSSM-8, A*8tt 
»«>fc«k!>*ai,fc c Cry j l^r* K«22»©pl06-120 hSjfc <r§3£©* 
*fc»M#©T»»-7-r> (PJ, PR, PB ) , £©!»»* d-> 

(PB 8-3, PB 8-2, PB 9-39) ftWfc«iaiJC20*atffl^Tcn&ll«S|©^r 
^Kfc^sSJtStt*tti*Lfe„ 2H8?©T«^>(PJ, PB)i:2M^©Ttt 
^D->(PB8-2, PB 9-39)ttpl06-120 (p22-l)&B«LT«HfiLfc^ lag© 
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7MM7j>tTmM?v->&mmfc&*m£tefr-?tz (gi5). zcDmm 

, P106-1203 7ISTO TFIKRVSNVIj ©9»£"C& £ Z bff$m Lit (£©9geg£ 
Cry j 1 #22 core b&mtZ) e 

ty*ft*&Tl/;i/7>Cha o 1 (ftSS¥8-153527^f) 
S^r^- K#-^8(p71-90; I F SKNLN I KLNMPLY IAGNK), & S^a^7*f- K#^32(P3 
11-330; SSGKNEGTNIYNNNEAFKVE)£fl»l 4 T-'ff <Dtt£Cry j 1# 2 2DTia?U 

TFIKRVSNVIj 4o«cv^^rf-K2ttJS (Cha o 1#8-Cry j i #22 core, Cha o 
1 #32-Cry j 1 #22 core J&^T**- r*-&j#» (PSSM-8; M>Wmmm) T*1§rf&b 
Ho Cha o l#8£Cry j 1#22 core, Cha o l#32£Cry j 1#22 corebomizti RR 

E?"J**PAUfco IP*> Cha o 1 #8-Cry j 1 #22 core (IBBIM : 4) b Cha 
o 1#32-Cry j 1 #22 core (E8J*^ : 5) tftSo 

>£«fctfCha o mSWTilBlia7>f>ft*tl-? f nf^«bfco Cry j 1 ftmmTfflm 
^>£«fcl5Chao l^WT«7^>ii N ^*£MttJ!»(PPD)£ £tmM« 
m (SCW) lfiJKfctt£Ji&*1\ £fcCry j 1 ^MiftTtt^ >(2Cry j 1 #22& 
S^fcJtCry j 1#22 core fcttSffc-TS^ Cha o 1 #8 RXfmt Ch 
a o 1 ^fit)Ti§7^ >ttCha o 1 # 8fi If # 32 Cry j 1#22& 

S^iiCry j l#22corefc (i&J&L&frofc (01 6) 0 -^:nf,OT«7^ 
>tt^1"ft*K SE?"J#^ : 4©^fixt! h-:/^^ h*SI>"IH?!l#^ : 5©^fi 
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Cry j 1#22 coreOT«xt: Kcdt* ;Wl*UWkt%Z t\z 

TTjfflliaofS*4&BiarSc:i:A(»Bllil<pgfr4 N 2-DGD^D->PJ7-9£tfPB10- 
18£ffl^-Cfci*Lfco Cry j 1^7"^ K#^22#pl06-120 tSJtefS T«7 a 
->PJ 7-9£tfPB10-12ti\ DRB5*0101£ftj£#^2;U Cry j l#22core©9^S^ 
i£§8T6 0 ^©9aa^^tfl3^ScD^7 , 5 L Kpl08-120 (VFIKRVSNVIIHG) 4>CD9^ 

»bfeT^D^r^K*^BRLfc (HI 7, 18)o^LT. 7* a 

h'CWf 5T«BIB^D->PJ7-9aVPB10-18CDSj«;tt* [ 3 H] ^«s;>© 
SJS^+O^-f r£f >itjgfci; N R&D Systems *t»©tf>r 

.B17&VB18fc^Lfco 
7 , ^>'K^IaLTV^«^^M3^|*©^7*f■K*fiJfS*•B■fe±^iCD I FN 7, IL-4, I 
L-2, IL-5©M£M&V*ffljJS© [ 3 H] *5 ^>©tt&*i£*ft**i,iOO%fc Lfc 
o PJ7-9^D->£>i§-^ Cry j l#22core ("FIKRVSNVIj ©3, 4, 6#@<D&:P*y 
i"Kj r Rj r Sj «±§Hftl7$>'Miftt*a«7»$ yM»©ffi#, 

tt*aiW7'5>'Mt!iii«k») c 3 h] f-5S/->o*»ja**«ttjt"b--r 
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SPECIFICATION 

PEPTIDE-BASED IMMUNOTHERAPEUTIC AGENT 
FOR TREATING ALLERGIC DISEASES 

5 

Technical Field 

The present invention relates to a multi-epitope peptide, 
which is useful f or peptide-based immunotherapy of allergic diseases . 
Background Art 

10 Allergic diseases are defined to be functional disturbances 

caused by type I hypersensitivity (type" I immune response mediated 
by IgE antibodies) or a kind of disease induced by the disturbance. 
The symptoms include pollinosis , bronchial asthma, allergic rhinitis , 
atopic dermatitis, and .anaphylactic shock. Pollinosis is a' 

15 representative allergic disease. In Japan, approximately 10% of 
the population suffers from cedar pollinosis, and the number of the 
patients is still increasing. In America, 5 to 15% of the population 
suffers from short ragweedpollinosis . Pollinosis is a serious problem 
both socially and economically because there are many patients and 

20 they suffer from unbearable conditions such as itchiness of eyes, 
runny noses, sneezing, and nasal congestion. Moreover, once the 
patient acquires pollinosis, the disease manifests itself every year . 
An effective therapy for pollinosis has thus earnestly been sought. 

To comprehend and treat allergic diseases, it is important 

25 to understand how a type I allergic response is 'developed. Current 
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studies focus on clarifying the initial reaction in the 
allergen-specific immune response, especially the mechanism of 
regulating a T cell-mediated allergic reaction. Initiation of an 
immune response to a foreign antigen including an allergen depends 
5 on antigen-presenting cells in the immune system. The 
antigen-presenting cells (i.e., B cells, macrophages, and dendritic 
cells) take up incoming foreign antigens, break them down to antigen 
peptides (T cell epitope peptides) , put the fragments in a pocket 
consisting of a and j3 chains of major histocompatibility complex 

10 (MHC) class II molecules (HLA class II inhuman) , display the fragments 
on the cell surface, and thereby present the foreign antigens to 
antigen-specific CD4 positive helper T cells (Th cells) . An HLA 
class II molecule consists of DR, DQ and DP molecules . The a -chain 
of the DR molecule is encoded- by the HLA-DRA gene, and the j8 -chain 

15 is encoded by the HLA-DRBl , -DRB3 -DRB4 or -DRB5 gene. The a -chain 
of the DQ molecule is encoded by the HLA-DQAl gene, and the j3 -chain 
is encoded by the HLA-DQBl gene. The a -chain of the DP molecule 
is encoded by the HLA-DPA1 gene, and the j3 -chain is encoded by the 
HLA-DPB1 gene. Each gene except for HLA-DRA contains many alleles. 

20 Thepocket in which antigenic peptides areplaced is highly polymorphic , 
and the structures differ slightly from each other. Because of this, 
the kind of antigenic peptides that bind to the pocket and are presented 
to T cells is restricted to that structure. 

Once Th cells receive HLA class Il-restricting antigen 

25 information via the T cell receptor (TCR) , they are activated to 
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secrete various cytokines, by which they proliferate by themselves. 
At the same time, the Th cells induce differentiation of B cells 
into plasma cells to induce antibody production. Depending upon 
the difference in the cytokine-producing pattern, the Th cells 
5 activated by antigen stimulation are classified into Th 1 cells capable 
of producing interferon2 (IL-2) , interferon y (IFN-y ) andlymphotoxin 
(TNF-/3); Th 2 cells capable of producing IL-4, IL-5, IL-6, IL-10 
and IL-13; and ThO cells capable of producing both cytokines. The 
production of IgE antibody, which is a cause of allergy, is promoted 

10 by IL-4 and IL-13 but suppressed by IFN-y . That is, Thl cells suppress 
IgE production, whereas Th2 cells promote IgE production. In other 
words, sensitization of allergy is determined by whether Thl cells 
or Th2 cells function upon exposure of antigens. It is commonly 
known that Th2 cells predominantly function in the patients with 

15 allergy. Allergen-specific IgE antibodies adhere to peripheral 
basophil and tissue mast cells. The subsequent exposure of allergen 
results in cross-linking of the IgE antibody on the basophil or the 
mast cell via the allergen. This releases inflammatory mediators 
including histamine, prostaglandins, and leucotriene, thereby causing 

20 an immediate allergy response. In response to these inflammatory 
mediators, lymphocytes, monocytes, basophils, and eosinophils are 
localized in the inflammatory region of the tissue and result in 
the release of mediators that cause various reactions including 
disturbance and a late phase reaction. 

25 0ne wa Y to treat a particular allergy by antigen-specif ically 
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suppressing IgE antibody production is hyposensitization therapy 
using an allergen protein molecule. Hyposensitization therapy can 
provide a long-term effect that cannot be achieved by chemotherapy, 
and hence, is the only treatment close to an effective therapy. 
5 However, hyposensitization therapy is not always accepted as a general 
method for treating allergy, possibly because its mechanism and 
possible side effects (such as topical swelling or anaphylactic shock) 
remain unknown. 

In place of hyposensitization therapy, a mechanism of 

10 hyposensitization using a peptide antigen bearing a T cell epitope 
has been proposed. The peptide fragment carrying a T cell epitope 
on the allergen molecule used for this therapy contains no B cell 
epitope or, if any, is monovalent so that the peptide fails to cross-link 
an IgE receptor with high affinity on the mast cell . For these reasons , 

15 patients administered, the peptide fragment should not experience 
side effects such as anaphylactic shock. It is further known that 
whenT cell epitope is given in vivo . T cells are antigen-specif ically 
inactivated (anergy) (La Salle J. M. et al . : J. Exp. Med. 176: 177-186, 
1992) . It is reported that based on such a theoretical background, 

20 hyposensitization using a peptide carrying major T cell epitopes 
of cat dander allergen Fel dl was carried out in an experimental 
murine model, and T cell anergy was induced in vitro (Briner, T.J. 
et al.: Proc . Natl. Acad. Sci . USA, 90: 7608-7612, 1994). Clinical 
trials on hyposensitization using this peptide are now under way 

25 (Norman, P.s. et al . : Am. J. Respir. Crit. Care Med. 154: 1623-1628, 
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1996; Simons, F.E. et al . : Int. Immunol. 8: 1937-1945, 1996). 
Hyposensitization therapy using such a peptide carrying the major 
T cell epitope on the allergen molecule is called "peptide-based 
immunotherapy" (or "peptide-based hyposensitization therapy"). 
5 As a standard for selecting T cell epitope peptides appropriate 

for the peptide-based immunotherapy, a positivity index (a mean T 
cell stimulation index multiplied by appearance frequency) is proposed 
in WO 94/01560. It is also reported that in peptide design, HLA 
haplotypic variations in a population of patients should be covered 

10 (Wallner, B.P. & Gefter M.L. : Allergy, 49: 302-308, 1994). 
Disclosure of the Invention 

Generally, allergic patients have specific IgE antibodies 
to each of two or more allergen molecules differing from each other. 
For a potent allergy therapy, it is important to develop a peptide-based 

15 immunotherapeutic agent effective for these patients. However, such 
an immunotherapeutic agent has not yet been developed. Even the idea 
of such an agent has never been published in any of the above literatures . 
Accordingly, an objective of the present invention is to provide 
a peptide-based immunotherapeutic agent that is efficacious even 

20 for allergy patients sensitive to two or more different allergens. 

Cedar pollen contains two major allergens, Cry j 1 (Yasueda, 
H. et al.: J. Allergy Clin. Immunol. 71: 77-86, 1983) and Cry j 2 
(Taniai, M. et al . : FEBS Letter 239: 329-332, 1988; Sakaguchi, M. 
et al.: Allergy 45: 309-312, 1990). More than 90% of the patients 

25 with cedar pollinosis possess specific IgE antibodies to Cry j 1 
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and Cry j 2; the remaining patients (slightly less than 10%) possess 
a specific IgE antibody to either Cry j 1 or Cry j 2 (Hashimoto, 
M. et al.: Clin. Exp. Allergy 25: 848-852, 1995). Use of one or 
more T cell epitopes from only Cry j 1 or Cry j 2 would be expected 
5 to be less effective since IgE from the patients is reactive to both 
Cry j 1 and Cry j 2. Thus, T cell eptopes from both Cry j 1 and 
Cry j 2 should be chosen to elevate the efficacy of the peptide-based 
immunotherapy for cedar pollinosis . Therefore, the present inventors 
prepared a multi-epitope peptide containing T cell epitopes of both 

10 Cry j 1 and Cry j 2 in the same molecule. They found that the 
multi-epitope peptide activated T cells of patients with pollinosis 
in vitro but did not react with IgE antibodies of the patients. 
They also found that an immune response was induced in vivo using 
mice. Based on these new findings, the inventors found that the 

15 multi-epitopepeptide in this invention is effective as a peptide-based 
immunotherapeutic agent for patients with cedar pollinosis. 

There are many cases of cedar pollinosis that also showclinical 
symptoms of Japanese cypress pollens. In view of this and based 
on the above invention, the present inventors prepared a multi-epitope 

20 peptide containing the T cell epitopes of Japanese cypress pollen 
allergen Cha o 1 (Japanese Patent Application No. Hei 8-153527) and 
the T cell epitopes of cedar pollen allergen Cry j 1 in the same 
molecule. The multi-epitope peptide activated T cells of both the 
patients with cedar pollinosis and the patients with Japanese cypress 

25 pollinosis, though these T cells do not react with each of the T 
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cell epitopes. The multi -epitope peptides can thus be designed for 
T cell epitopes derived from not only cedar and Japanese cypress 
pollen allergens but also other various allergens. 

HLA haplotype was investigated in a group of patients 
5 (including different races) as acriterion for selectingT cell epitopes 
to design multi-epitopes that are effective for a broader range of 
patients. T cell epitope peptides were selected noting that those 
binding to HLA whose haplotype frequently appears in the population 
and those presented on different HLA class II molecules, not the 
10 same HLA class II molecule, should be selected. The thus-selected 
multi-epitope peptides were clarified to be effective for a wider 
range of patients. 

The present invention includes the inventions described in 
each claim. 

15 The present invention will be described below in view of 

designing of multi-epitope peptides effective for the patients 
sensitive to cedar pollens or Japanese cypress pollens or the patients 
sensitive to both pollens, but this invention applies to patients 
sensitive to other allergens as well. The technical concept of the 

20 present invention also applies to plant pollens such as short ragweed 
(Amb a 1, Amb a 2, Amb a 5, Amb t 5, Amb p 5) , Dactvlis alomerata 
(Dac g 2) , and Lolium oerenne (Lol p 1, Lol p 2, Lol p 3) ; tree pollens 
such as Alnus glutinosa (Aln g 1) , birch tree or Betula verrucosa 
(Bet v 1, Bet v 2) , mountain cedar (Jun si), and juniper tree {Jun 

25 v 1) ; and various other allergens not specifically described herein. 
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The "multi -epitope peptide" used herein means a peptide 
molecule prepared by linearly joining peptides containing T cell 
epitopes derived from different allergen molecules (sometimes referred 
to as an antigenic peptide or merely as a peptide) . In this peptide, 
5 a region that is cleaved in vivo is preferably inserted between the 
T cell epitope-containing peptides to minimize the occurrence of 
epitope sites that are newly recognized. The multi-epitope peptide 
is finally broken down to the respective antigenic peptides at the 
cleavagesite. When administered, it can exhibit the effect comparable 

10 to that of a mixture of these respective antigenic peptides. The 
cleavage site may take any structure so long as it undergoes cleavage 
in vivo . Examples of the cleavage site include an arginine dimer 
and a lysine dimer that are recognition sequences of cathepsin B, 
which is an enzyme localized in lysosome. 

15 Designing of thermal ti-epitopepeptide according to thepresent 

invention will be described with reference to cedar pollen allergens 
Cry j 1 and Cry j 2 as examples . 

Peripheral lymphocytes collected from the patients with cedar 
pollinosis are stimulated by Cry j 1 or Cry j 2 to produce the T 

20 cell line for individual patient. The T cell line is stimulated 
by an overlapping peptide consisting of about 15 amino acids, which 
covers the full-length primary structure of Cry j 1 (WO 94/01560) 
or Cry j 2 (Komiyama, N. et al . : Biochem. Biophys. Res. Commun. 201: 
1201, 1994) to identify the antigenic peptides containing T cell 

25 epitopes in the Cry j 1 or Cry j 2 sequence (Figs. 1 and 2). 
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Next, typing is performed for HLA class II molecules which 
bind to these antigenic peptides. 

In humans, three different molecules, regions DR, DQ, and 
DP, exist as gene products of the HLA class II. This suggests that 
5 differentiation of T cells would be restricted by antigen-presenting 
molecules DR, DQ, and DP. The T cell clones established for each 
patient are used to determine by which locus-derived 
antigen-presenting molecules the antigenic peptide of Cry j 1 or 
Cry j 2 is presented. They also determine whether the T cells that 
10 have received antigenic peptide information via DR, DQ or DP molecules 
tend to be differentiated into Thl cells or Th2 cells. Such a typing 
is performed using the T cell clone established for individual patients 
(Figs . 3 and 4) . 

Figures 3 and 4 clearly show that differentiation into Thl, 
15 Th2 or ThO of the T cells stimulated by the antigenic peptide is 
not restricted by a specific epitope or a specific combination of 
HLA molecules . In selecting a peptide for designing the multi-epitope 
peptide of the present invention, any peptide can be a candidate 
for the antigenic peptide since any T cell epi tope-containing peptide 
20 can stimulate T cells. 

The criteria f or selectingpeptides to design themulti-epitope 
peptide of the present invention are as follows: 

(1) Peptides are selected in the order of a positivity index 
(WO 94/01560) (peptides having a positivity index of 100 or more 
25 should be selected) . 
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(2) Peptides presented on HLA class II molecules that 
frequently appear as antigen-presenting molecules are selected. 

( 3 ) Where there is no significant difference in thepositivity 
index, peptides presented by restriction molecules of different types 
5 are selected to enhance the effectiveness. Specifically, in selecting 
a T cell epitope of an allergen that causes a certain allergic disease, 
the HLA haplotype in a group of patients with the allergy is first 
examined, and a T cell epitope restricted by an HLA haplotype whose 
gene frequency is high in the population to which the patient group 

10 belongs is selected. This is then the best selection that should 
achieve the best effect in that patient group. However, the 
thus-selected T cell epitope may not be effective at all in other 
patient groups . 

Taking HLA haplotype DPB1*0501 as an example, it is assumed 

15 that this HLA haplotype is quite frequently observed in Japanese 
patients with a certain allergic disease, and the HLA 
haplotype-restricting T cell epitope is selected. The thus-selected 
peptide would hardly be effective for Northern American patients 
with the same allergy because the gene frequency of the HLA haplotype 

20 is as much as 39.0% in Japanese patients, whereas it is as little 
as 1.3% in white Americans and 0.8% in African Americans in Northern 
America. For Northern American patients, the HLA- DP restricting T 
cell epitope DPB1*0401 (in Northern America, 30.2% for white American 
patients and 11.1% for African American patients; 4.8% for Japanese 

25 patients) shouldbe selected, it is also important to select a peptide 
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presented on the antigen-presenting molecules differing in the locus 
level like DR, DQ, or DP; even though the loci are the same, it is 
important to select a peptide presented on the antigen-presenting 
molecules having different haplotypes . 

In this case, the preferable epitope site contains no cysteine 
residue. When the epitope site contains a cysteine residue, the 
residue might bind non-specif ically to HLA class II molecules. When 
immunized with an antigenic peptide containing a cysteine residue, 
the site that is originally not an antigen might be recognized as 
a new epitope. When such a peptide is recognized as an epitope, 
the cysteine-containing epitope is recognized by the peptide 
repeatedly through its second and third administrations, which may 
possibly cause side effects. 

Specific embodiments of designing the multi-epitope will 
be described below. According to the positivity index of Cry j 
1 and Cry j 2 shown in Figs. 1 and 2, the. T cell epitope of Cry j 
1, Peptide No. 43 with amino acid residues at positions 211-225 
(hereinafter abbreviated as p211-225) (restriction molecules 
DPA1*0101 to DPB1*0501) shows the highest positivity index and Peptide 
No. 22, pl06-120 (restriction molecule DRB5*0101) shows the second 
highest positivity index. These two peptides are selected as the 
antigenic peptides to be used in the multi-epitope peptide. Turning 
to Cry j 2, Peptide. No. 14, p66-80 (restriction molecule DRB5*0101) 
and Peptide No. 38, pl86-190 (DRB4*0101) show the highest, positivity 
indexes . Likewise, these two peptides can be selected as the antigenic 
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peptides. Peptide No. 37, pl81-195, located before Peptide No. 38 
in Cry j 2 has a high positivity index of 280, but its restriction 
molecules are DPAl'0101 to DPBl"0201, which differ from the restriction 
molecule of Peptide No. 38. Since Peptide No. 37, pl81-195 overlaps 
with Peptide No. 38, pl86-200 by 10 residues, 5 residues from No. 
37 are added ahead to No. 38 . The thus-designed peptide can be selected 
as an HLA-DP restricting peptide. Peptides as selected above do 
not restrict DQ. Restriction molecules for Peptide No. 4, pl6-30 
of Cry j 1, are DQA1*0102 to DQB1*0602, but a cysteine residue is 
contained at the center of the epitope. Thus, Peptide No. 4 cannot 
be selected. In Cry j 2, p341-360, corresponding to Peptide Nos . 
69-70, is a peptide presented on DQA1*0102 to DQBl"0602. Peptide No. 
7 0 also contains cysteine, whereas T cells can be activated by only 
the cysteine-free Peptide No. 69. Thus, 12 residues, p344-355 
(ISLKLTSGKIAS) , can be selected. Peptide No. 22, pl06-120 of Cry 
j 1 contains cysteine at position 107. At least nine residues of 
P109-117 (FIKRVSNVI) are required for determining the T cell epitope 
core sequence using a T cell clone. Thus, if Pro-Cys residues at 
pl06-107 are removed, the remaining peptide can be used. 

The antigen taken up into the antigen-presenting cells is 
degraded in lysosome. How the foreign proteins taken up into the 
antigen-presenting molecules are processed and how they are bound 
to HLA class II molecules are still unknown. However, it is reported 
that cathepsin B participates in the digestion of antigens in this 
complicated mechanism (Katsunuma, N. : NihonMen-Eki Gakkai (Japanese 
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Society of Immunology) - 25 : 75, 1995). 

With respect to several HLA class II types, an HLA-binding 
amino acid motif of the antigenic peptide has been determined . Binding 
to HLA class II molecules has specificity, but numerous antigenic 
5 peptides can bind to specific HLA class II molecules, if the peptides 
meet a certain criterion (Rammensee, H. G. et al . Immunogenetics . 
41: 178-228, 1995). For this reason, a newly recognized epitope 
site might possibly be created in the antigenic peptide-binding site. 
To avoid this, the multi-epitope peptide should be designed so as 

10 to be cleaved into each of the antigenic peptides in the 
antigen-presenting cells. The peptide sequence recognized by 
cathepsin B is the Arg-Arg-hydrophobic sequence or the 
Lys-Lys -hydrophobic sequence. Therefore, Arg-Arg or Lys-Lys is added 
to the latter half of the peptide containing the epitope and, in 

15 the following epitope sequence, a hydrophobic amino acid sequence 
is placed after Arg-Arg or Lys-Lys. 

Since Arg-Arg is inserted between the antigenic peptides, 
the order of the antigenic peptides in this specific embodiment is 
considered insignificant. When Arg is linked to the latter half 

20 of Peptide No. 14 of Cry j 2 (Fig. 2), however, Tyr at position 73 
becomes a first anchor. 'The Arg residue added then becomes amino 
acid residue at position 9 in the peptide motif of DRB5*0101 and 
serves as a second anchor. Thus, the Arg residue may be recognized 
as a new epitope. Therefore, this sequence should be located at the 

25 end of the multi-epitope peptide. 
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The thus-obtained multi-epitope peptide is shown as SEQ NO: 
1. The restriction molecules for this multi-epitope are DRB4"0101 / 
DRB5*0101, DPAl'0101 - DPB1*0201, DPAl'0101 - DPB1*0501, and DQA1"0102 
- DQB1*0602 . In The 11th International Histocompatibility Workshop, 
5 the frequency of these genes was calculated in the Japanese population 
(Tsuji, K. et al . : HLA 1991, vol. 1, 1992, Oxford University Press) 
and found to be 0.291 for DRB4*0101, 0.056 for DRB5"0101 (0.070 for 
DRB5*0102), 0.208 for DPB1*0201, 0.399 for DPB1*0501, and 0.053 for 
DQB1*0602 (0.204 for DQB1*0601). Based on these data, the antigen 

10 frequency is calculated to be 0.50 for DRB4*0101, 0.11 for DRB5*0101 
(0.14 for DRB5*0102), 0.37 for DPB1*0201, 0.64 for DPB1*0501, (0.79 
according to Hori et al. ) , and 0.10 for DQB1*0602 (0.37 for DQB1*0601) . 

Since DRB5*0101 and DQB1*0602 are regarded as identical due to the 
presence of linkage disequilibrium, the data of DRB5*0101 is used 

15 for DQB1*0602. The probability that the Japanese population carries 
both DPB1*0201 and DPB1*0501 or either one is calculated to be 0.85. 

Similarly, the probability that the Japanese population carries 
both of DRB4*0101 and DRB5*0101 or either one is calculated to be 
0.56. From these values, about 90% of patients are estimated to 

20 recognize more than one T cell epitope contained in the multi-epitope 
peptide of SEQ NO: 1. However, it is unclear whether the patients 
with these HLA types possess a T cell repertory capable of recognizing 
these epitope peptides presented on these restriction molecules. 
Furthermore, the number of epitopes that cause proliferation of T 

25 cells is unknown (two or more epitopes would be necessary) . Thus, 
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the efficiency of the multi-epitope peptide might decrease. In 
practice, it is properly assumed to be approximately 77% based on 
the result of testing proliferation response of peripheral lymphocytes 
from 17 patients. 

5 To increase the range of patients to be effectively treated, 

the multi-epitope peptide can also be designed to carry more T cell 
epitopes than described above. Examples of such multi-epitope 
peptides include one prepared by joining p213-225 and pl08-120 of 
Cry j 1, pl82-200 and p79-98 of Cry j 2, p80-95 of Cry j 1, and p66-80 

10 of Cry j 1, in this order (SEQ NO: 2), and one prepared by joining 
p213-225 and pl08-120 of Cry j 1, pl82-200 and p79-98 of Cry j 2, 
P67-95 of Cry j 1, and p238-251 and p66-80 of Cry j 2, in this order 
(SEQ NO: 3) . These multi-epitope peptides are effective as 
peptide-based immunotherapeutic agents since the peptides stimulated 

15 all the peripheral lymphocyte samples from the 21 tested patients 
with cedar pollinosis but did not react with the IgE antibody of 
the patients. Developing this concept, the effectiveness can be 
improved by preparing a T eel 1 epi t ope containing al lergens o f di f f er ent 
species, e.g., both Japanese cypress pollen allergen and cedar pollen 

20 allergen, by the method described in Example 13. 

The present invention also includes modification of the 
antigenic peptide region used in the multi-epitope peptide to regulate 
the activity of T cells. The "modification" used herein means 
substitution, deletion, and insertion of at least one amino acid 

25 residue. Changes of properties of T cells imparted by amino acid 
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subs titution in the antigenic peptide can be examined by known methods . 
For example, 1) a certain amino acid of the multi-epitope peptide 
of the present invention is substituted with an analogous amino acid, 
e.g. , by substituting Asp with Glu, Asn with Gin, Lys with Arg, Phe 
with Tyr, lie with Leu, Gly with Ala, and Thr with Ser, to produce 
analog peptides, which are compared with the original peptide in 
T cell proliferating ability or lymphokine-producing ability. 
Alternatively, 2) a certain amino acid of the multi-epitope peptide 
is substituted with a non-analogous amino acid, for example, by 
substituting a polar amino acid or a hydrophilic amino acid with 
a hydrophobic amino acid Ala, and a hydrophobic amino acid with a 
hydrophilic amino acid Ser, and the property of the modified peptide 
is compared to that of the original peptide. The present invention 
also includes the thus-prepared multi-epitope analog peptides that 
are immunologically equivalent to the multi-epitope peptide of the 
present invention in terms of the positivity index and the T cell 
activation ability. 

Most T cells that react with the antigenic peptide derived 
from Cry j 1 or Cry j 2 possess the properties of Th2 and ThO in 
combination (Figs. 3 and 4) . BCG vaccine can potentiate the cellular 
immune activity to prevent infection with tubercle bacillus . To 
potentiate cellular immunity, T cells of Thl type should be induced. 
It is reported that studies on the property of a human T cell clone 
with BCG inoculation revealed an increased level of Thl type T cells 
(Matsushita, Sho, The 45th Japanese Association of Allergy, 836, 
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1995) . According to Matsushita, there is a Thl clone that is restricted 
by HLA-DR14 (DRBl*1405) and that recognizes 84-100 amino acid sequence 
(EEYLILSARDVLAWSK) of BCGa protein. If the HLA haplotype 
DPAl-DPBl*0501-restricting T cell epitope that is possessed by more 
5 than 60% of Japanese population is selected (for example, Peptide 
No. 43 ( p2 1 1 - 2 2 5 ) / KSMKVTVAFNQFGPN of Cry j 1 shown in Fig. 1), this 
peptide is bound to- the 84-100 T cell epitope of tubercle bacillus 
BCGa protein restricted by DRB1*1405. It is highly likely that the 
thus -prepared mul t i - epi t ope pept ide 

10 EEYLILSARDVLAWSKRRMKVTVAFNQFGPN would be quite efficacious for 
patients with cedar pollinosis carrying haplotype DRB1*1405. The 
use of such a multi-epitope peptide would lead to production of Thl 
lymphokines, especially IL-12 , by a peptide derived from BCGa antigen . 
It is known in several cases in humans and mice that IL-12 has an 

15 activity contradictory to that of IL-4 and acts on T cells to induce 
differentiation of Th cells to Thl (Manetti, R. , et al . : J. Exp. 
Med. , 177, 1199-1204, 1993; Wu, C . , et al . : J . Immunol. , 151, 193 8-1949, 
1993; Hsieh, C. , et al . : Science, 260, 547-549, 1993) . In particular , 
the experimental results by Manetti et al . indicate that a T cell 

20 clone specific to Der pi antigen, a mite allergen, basically induces 
Th2 but induces Thl or ThO in the presence of IL-12. Thus, using 
the multi-epitope peptide prepared by joining a T cell epitope having 
Thl induction activity to an allergen-reactive T cell epitope, T 
cells that are inherently induced to Th2 would be induced to Thl 

25 or ThO. 
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When the peptide of the present invention containing at least 
oneTcell epitope of Cry j 1 and/or Cry j 2 is subcutaneously administered 
to a mouse, which is then exposed to cedar pollen allergen, T cell 
anergy occurs (Figs. 13 and 14) , and IL-2 production is significantly 
5 reduced as compared to the control group. It is reported that 
hyposensitization therapy reduces IL-2 in humans (J. Allergy Clin. 
Immunol. 76: 188, 1985). Furthermore, the multi-epitope peptide 
of the present invention can activate each of the peptide-constituting 
T cell clones to the T cell epitope peptides (Fig. 10) but does not 

10 react with IgE antibodies of the patients (Fig. 8) . These results 
show that the multi-epitope peptide of the present invention induces 
immune tolerance against allergens and is effective as a peptide-based 
immunotherapeutic agent for allergic diseases. The multi-epitope 
peptide of the present invention may be administered together with 

15 pharmaceutical^ acceptable carriers or diluents. The effective 
dose of the multi-epitope peptide may vary depending upon sensitivity 
to cedar pollen allergen, age, sex, and the body weight of the patients 
and other factors such as ability of a peptide to induce immune response 
in the patients. 

20 The multi-epitope peptide may be administered in a simple 

manner using an administration route including in j ect ion ( subcutaneous 
or intravenous), rhinenchysis , instillation, oral administration, 
inhalation, percutaneous administration, etc. 

The one-letter notation for amino acids used in the 

25 specification and the sequence listing follows the definition 
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prescribed by IUPAC, Commission on Biochemical Nomenclature (cf., 
Biochemical Dictionary, 2nd ed. , 1468, Table 1.1). 
Brief Description of Drawings 

Figure 1 shows a mean stimulation index, frequency of 
5 appearance, and a positivity index (mean stimulation index 

multiplied by frequency of appearance) of the cell line derived from 
the patients with cedar pollinosis, against Cry j 1 overlapping 
peptides . 

Figure 2 shows a mean stimulation index, frequency of 
10 appearance, and a positivity index (mean stimulation index multiplied 
by frequency of appearance) of the cell line derived from the patients 
with cedar pollinosis, against Cry j 2 overlapping peptides. 

Figure 3 shows the Th type of the T cell clones that recognize 
complexes between the Cry j 1 antigenic peptides and HLA class II 
15 molecules as well as the Th types of the HLA class II molecules . 

Figure 4 shows the Th type of T cell clones that recognize 
complexes between the Cry j 2 antigenic peptides and HLA class II 
molecules as well as the Th types of the HLA class II molecules. 

Figure 5 shows the results of identifying HLA class II molecules 
20 capable of binding to an antigenic peptide at the locus level (DR, 
DQ, and DP) . 

Figure 6 shows the results of identifying HLA class II molecules 
capable of binding to an antigenic peptide at an allelic level of 
each locus . 

25 Figure 7 shows the amino acid sequences used in the 
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multi-epitope peptide. In this figure, Peptides a and b correspond 
to Peptide Nos . 43 and 22 of Cry j 1, respectively; Peptide c corresponds 
to No. 14 of Cry j 2; and Peptides d and e correspond to Peptide 
Nos. 37-38 (pl81-200) and Nos . 69-71 (p346-365) , respectively. 
5 Figure 8 shows the reactivity of the multi-epitope peptides 

designated as C. A. #1, C.A.#2, C.A.#3, C.A.#4, C.A.#5 and C. A. #6 with 
human IgE. 

Figure 9 shows the results of recognizing the T cell epitopes 
contained in the multi-epitope peptide C.A.#4 by T cell clones. 
10 Figure 10 shows the ability of lymphocyte proliferation 

response of the peripheral lymphocytes of the patients with cedar 
pollinosis and healthy subjects induced by stimulation with the 
multi-epitope peptide (SEQ NO: 1) in various concentrations. 

Figure 11 shows the ability of proliferation response of 
15 the peripheral lymphocytes of two healthy subjects and 17 patients 
with cedar pollinosis induced by stimulation with the multi-epitope 
peptide SEQ NO: 1 . 

Figure 12 shows the immune tolerance induced by administration 
of cedar pollen allergen Cry j •! to CBF1 mice. 
20 Figure 13 shows the immune tolerance induced by administration 

of Peptide No. 14 (p66-80) of Cry j 2 to CBFl mice. 

Figure 14 shows the immune tolerance induced by administration 
of Peptide No. 48 (p236-250) of Cry j 2 to CBFl mice. 

Figure 15 shows core amino acid sequencing of Peptide No. 
25 22 (pl06-120) of Cry j 1. 
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Figure 16 shows the reactivity of T cell lines of the patients 
with cedar pollinosis and the patients with hinoki pollinosis with 
the multi-epitope peptide prepared by binding a cedar pollen-specific 
T cell epitope peptide to a Japanese cypress pollen-specific T cell 
epitope peptide. 

Figure 17 shows the proliferation response of T cell clone 
PJ7-9 to an amino acid-substituted analog peptide of Cry j 1 #22 
core peptide and the amount of cytokine subsequently produced. 

Figure 18 shows the proliferation response of T cell clone 
PB10-18 to the above-described analog peptide and the amount of cytokine 
subsequently produced. 

Best Mo de for Implementing the Invention 
Example 1 

Identifying T cell epito pe of Crv i 1 and Crv i 2 using T cell line 
Peripheral lymphocytes from 18 patients with cedar pollinosis 
were stimulated by cedar pollen allergen Cry j 1 or Cry j 2 to establish 
the T cell line of each patient capable of specifically recognizing 
the respective allergen. 

A mixture of 5 x 10 4 cells of the autologous B cell line treated 
with mitomycin C, 2 uTA of an overlapping peptide, and 2 x 10 4 cells 
of the T cell line was incubated for 2 days in RPMI-1640 medium 
supplemented with 0.2 ml of 15% serum on a 9 6-well culture plate. 
After 0.5/zCi [ 3 H] thymidine was added to the medium, incubation was 
continued for a further 18 hours. After the cells were harvested 
on a glass filter using a cell harvester, the level of [ 3 H] thymidine 
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taken up into the cells was determined with a liquid scintillation 
counter. If the stimulation index is 2 or more, we consider that 
the added peptide is recognized as an antigenic peptide. The 
stimulation index means a value obtained by dividing the level of 
5 [ 3 H] thymidine taken up into the cells when the peptide was added 
by the level of [ 3 H] thymidine taken up into the cells when no peptide 
was added. 

For Cry j 1, the number of T cell epitopes on the Cry j 1 
molecule that each patient recognized was on average 9.8 and ranged 

10 from 4 to 15. For Cry j 2, the number of T cell epitopes was on 
average 8.7 and ranged from 2 to 13 . Cry j 1 consists of 353 amino 
acids, and, Cry j 2, 379 amino acids. Therefore, it was estimated 
that 2.3 to 2 . 8 T cell epitopes are present per 100 amino acid residues . 

The HLA class II type is considered to vary in every patient. 

15 It is thus assumed that a T cell epitope to be recognized would 
vary depending on the HLA class II type . For this reason, the antigenic 
peptide that the patients recognized was mapped for the individual 
patient. The results indicate that the epitopes on the Cry j 1 and 
Cry j 2 molecules differ depending on the patient. On the allergen 

20 molecule, there are both regions that can be readily recognized and 
regions that can hardly be recognized, as a T cell epitope, depending 
on individuals. Moreover, since the proliferation rate of T cells 
varies depending on a T cell epitope, the epitope map alone makes 
it difficult to determine what antigenic peptide should be chosen 

25 to design the multi-epitope peptide. Therefore, eighteen patients 
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were further examined with respect to the antigenic peptide which 
showed a stimulation index of 2 or more. A mean stimulation index 
of the antigenic peptide was calculated and multiplied by the rate 
of patients carrying the antigenic peptide (frequency in appearance) 
5 to calculate the "positivity index" which shows the predominant order 
for the respective epitopes (cf. WO 94/01560). 

The results are shown in Figs. 1 and 2. In Cry j 1, Peptide 
No. 43 (p211-225) shows the highest positivity index, 679, which 
is followed by the second highest Peptide No. 22 with a positivity 

10 index of 578 and Peptide No. 4 with a positivity index of 373. In 
Cry j 2, Peptide No. 14 shows the highest positivity index (709). 

Peptide No. 38 with a positivity index of 680 and Peptide No. 48 
with a positivity index of 370 then follow. One antigenic peptide 
having a high positivity index may be selected and used for the 

15 peptide-based immunotherapy. However, even for the highest appearance 
frequency, the effect can be theoretically expected in only 72% of 
the patients, and the actual efficiency would be lower. To increase 
the efficiency, it is necessary to use numerous T cell epitopes in 
combination. In this case, T cell epitopes with a high positivity 

20 index are chosen as candidates. However, just using epitopes with 
a high positivity index alone cannot increase the efficiency if HLA 
class II molecules presenting these epitopes as antigens are the 
same. It is thus necessary to identify the type of HLA class II 
molecules presenting T cell epitope peptides. 

25 Example 2 
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Identifvina T c ell epitope peptide recognized bv T cell clone 

Two patients, Patient B (PB) and Patient J (PJ) , who recognize 
Peptide Nos . 43 and 22 showing a high positivity index in Cry j 1 
and three patients, PB, Patient C (PC) , andPatientR (PR) , who recognize 
Peptide Nos. 14, 38, 48, and 69 showing a high positivity index in 
Cry j 2 were selected from the eighteen patients with cedar pollinosis . 
Peripheral lymphocytes from these patients with cedar pollinosis 
were stimulated by Cry j 1 or Cry j 2 to establish T cell clones 
capable of recognizing Cry j 1 or Cry j 2. The types of HLA class 
I and class II molecules of the four patients are shown below. 
PB: A2/24 -B39/55 -Cw7/w3 - DRB1*1501/0901 - DRB4*0101- DRB5*0101 , 

DQA1*0102/0301 - DQBl*0602/0303 - DPAl'0101/0101 - 

DPB1*0501/0201; 

PJ: A24/- - B61/51 - Cw3/- - DRBl'1501/0802 - DRB5*0101, 

DQA1*0102/0401 - DQBl*0602/0402 - DPAl*-/- - DPBl*0501/0402 ; 
PC: A-2/2 - B54/51 - Cwl/-, DRB1*0405 /1501 - DRB4*0101 - DRB5'0101 

- DQA1*0301/0102 - DQBl*0401/0602 - DPAl'0202/0202 - 
DPB1*0201/0501; 

PR: A-ll/- -B60/35 -Cw7/w3 - DRBl"0901/1501 -DRB4*0101 -DRB5"0101 

- DQA1*0301/0102 - DQBl'0303/0602 - DPAl"01/0202 - 
DPB1*0201/0201. 

Thirty-five T cell clones in total that specifically recognize 
Cry j 1 were established from the peripheral lymphocytes derived 
from PB, and 14 similar T cell clones from PJ. Likewise, 31 T cell 
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clones , 10 T cell clones , and 17 T cell clones in total that specifically 
recognize Cry j 2 were established from the peripheral lymphocytes 
derived from PB, PC and PR, respectively. Since these T cell clones 
were all CD3 + , CD4\ CD8~, TCR a j3 + and TCR y 8~, the restrictionmolecules 
were found to be HLA class II molecules. A mixture of 5 x 10 4 cells 
of the autologous B cell line previously treated with mitomycin C, 
2/zM of an overlapping peptide, and 2 x 10 4 cells of the T cell clone 
was incubated for 2 days in RPMI-1640 medium supplemented with 0.2 
ml of 15% serum oh a 96-well micro culture plate. After 0.5/zCi [ 3 H] 
thymidine was added to the medium, incubation was continued for a 
further 18 hours. After the cells were harvested on a glass filter 
using a cell harvester, the level of [ 3 H] thymidine taken up into 
the cells was determined using a liquid scintillation counter. By 
this procedure, the T cell epitope recognized by each of the T cell 
clones was identified. 

In the T cell clones that recognized Cry j 1, 69% (34/49) 
showed a proliferation response by stimulation with the peptides 
and, as a result, the epitopes were identified. Similarly, the 
antigenic peptide could be identified in 69% (40/58) out of the T 
cell clones which recognized Cry j 2. The T cell clones capable 
of specifically recognizing Cry j 1 recognized Peptide Nos . 4, 13, 
19, 22, 30, 31, 39, 43, 51, and 66, and the T cell clone capable 
of specifically recognizing Cry j 2 recognized Peptide Nos. 4, 8, 
14, 17, 31, 37, 38, 48, 65, 66, 68, 69, and 70. The results are 
summarized in Figs. 3 and 4. 
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Example 3 

Identifying HLA class II restriction molecules at the locus level 
HLA class II restriction molecules were identified at the 
locus level by adding a monoclonal antibody capable of specifically 
5 reacting with DR, DQ or DP of HLA class II molecules to the proliferation 
response system of the T cell clones established in Example 2, 'thereby 
inhibiting the proliferation response of T cells. 

Amixture of 2 x 10 4 cells of the autologous B cell linepreviously 
treated with mitomycin C; 2 jiM of an overlapping peptide; 3 /z g/ml 

10 of anti-DR, -DQ or -DP monoclonal antibody (manufactured by Becton 
Dickinson Inc.) ; and 2 x 10 4 cells of the T cell clone was incubated 
for 2 days in RPMI-1640 medium supplemented with 0.2 ml of 15% serum 
on a 96-well micro culture plate. After 0 . 5 n Ci [ 3 H] thymidine was 
added to the medium, incubation was continued for a further 18 hours. 

15 After the cells were harvested on a glass filter using a cell harvester, 
the level of [ 3 H] thymidine taken up into the cells was determined 
using a liquid scintillation counter. The results shown in Fig. 
5 indicate that the restriction molecule of the* Cry j 1 pl06-120, 
Cry j 2 p66-80 and Cry j 2 pl86-200 peptides was DR; that of the 

20 Cry j 2 p341-355 peptide was DQ; and that of the Cry j 1 p211-225 
and Cry j 2 pl81-195 was DP. The restriction molecules of other 
T cell clones were analyzed in the same manner (cf . Figs. 3 and 4) . 
Example 4 

Identifying the HLA class II restriction molecules 
25 HLA class II restriction molecules can be identified using 
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the T cell clones whose restriction molecules were identified at 
the HLA class II locus level and, as antigen-presenting cells, mouse 
L-cells transfected with each type for DR and B cell line having 
the same haplotype for DQ or DP. 
5 A mixture of 5 x 10 4 mouse L cells previously treated with 

mitomycin C or the B cell line coincident in haplotype; 2/zM of an 
overlapping peptide; 3/zg/ml of anti-DR, -DQ or -DPmonoclonal antibody 
(manufactured by Becton-Dickinson Inc.); and 2 x 10 4 cells of the 
T cell clone was incubated for 2 days in RPMI-1640 medium supplemented 

10 with 0.2 ml of 15% serum on a 96-well micro culture plate. After 
O.SjLzCi [ 3 H] thymidine was added to the medium, incubation was continued 
for a further 18 hours. After the cells were harvested on a glass 
filter using a cell harvester, the level of [ 3 H] thymidine, taken 
up into the cells was determined using a liquid scintillation counter . 

15 The restriction molecules can be identified by observing 

the proliferation response of the T cell clones . The Cry j 1 pl06-120 
peptide-presenting restriction molecule was DRB5*0101, the Cry j 
1 p211-225 peptide-presenting restriction molecule was DPAl'0101 

- DPB1*0501, the Cry j 2 p66-80 peptide-presenting restriction molecule 
20 was DRB5*0101, the Cry j 2 pl81-195 peptide-presenting restriction 

molecules was DPAl'0101 - PDB1*0201, the Cry j 2 pl86-200 
peptide-presenting restriction molecules was DRB4*0101, and the Cry 
j 2 p341-355 peptide-presenting restriction molecules was DQA1*0102 

- DQB1*0602 (Fig. 6) . The results obtained with the other epitope 
25 sites are shown in Figs. 3 and 4. 
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Examcle 5 

Identifying the Th type of T cell clone 

Th2 cells are considered to participate in the development 
of allergy. The current level of investigations has not completely 
5 clarified if differentiation of T cells into Thl or Th2 cells is 
restricted, after antigen stimulation, by a specific epitope peptide 
or on a HLA class II locus level. When Th2 cells are predominantly 
induced after stimulation with a peptide, it is highly likely that 
administration of the peptide will worsen the cedar pollinosis. The 

10 T cell clones prepared in Example 2 were stimulated with the epitope 
peptide recognized by T cells. Th type was determined by measuring 
the amount of IL-2, IL-4, and IFN- y produced. 

Amixtureof 1 x 10 5 cells of the autologous B cell linepreviously 
treated with mitomycin C, 2/zM of the epitope peptide, and 5 x 10 5 

15 cells of the T cell clone was incubated for 24 hours in RPMI-1640 
medium supplemented with 1 ml of 10% human serum on a 24-well micro 
culture plate. The cells were precipitated by centrif ugation to 
obtain the culture supernatant. IL-2, IL-4, and IFN- y in the 
supernatant were determined using the respective ELISA kits 

20 commercially available [for IL-2, manufactured by R&D Inc.; for 
IL-4, manufactured by Medgenics Inc.; and for IFN- y , manufactured 
by Otsuka Assay Research Laboratories) . 

The amounts of IL-2, IL-4, and IFN- y produced by each T cell 
clone are shown in Figs. 3 and 4. The T cell clones which recognize 

25 Cry j 1 were twelve Th2 , one Thl, and sixteen ThO cells, showing 
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that there were more Th2 clones than Thl clones. In contrast, the 
T cell clones which recognize Cry j 2 were ten Th2 , eight Thl, and 
eight ThO cells, showing that the number of Th2 clones was roughly 
equal to the number of Thl clones. A comparison of T cell epitopes 
5 recognized by the respective T cell clones, restriction molecules, 
and Th type reveals that the Th2, Thl or ThO type varies depending 
upon each T cell clone. Both Th2 cells and Thl cells are found in 
a few T cell clones which recognize the same epitope and the same 
antigen-presenting molecule. These results indicate that after 

10 stimulation with Cry j 1 or Cry j 2, differentiation of T cells into 
Th2, Thl or ThO is not controlled by the combination of a specific 
T cell epitope and a specific restriction molecule. In other words, 
all of the peptides carrying the T cell epitope sites can be candidates 
for the multi-epitope peptide of the present invention. 

15 Example 6 

Preparing the multi-epitope peptide 

Identifying the IgE antibody epitope sites present on Cry 
j 1 and Cry j 2 reveals that Cry j 1 lacks an IgE epitope capable 
of recognizing the primary structure and at least four IgE antibody 

20 epitope sites are present on Cry j 2. However, these IgE antibody 
epitope sites differ from the epitope sites of T cells. Based on 
this finding, the peptides shown in Fig. 7 were selected from the 
T cell epitopes of Cry j 1 and Cry j 2. 

Peptides a and b shown in Fig. 7 correspond respectively 

25 to Peptide Nos . 43 and 22 of Cry j 1 shown in Fig. 1, Peptide c corresponds 
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to No. 14 of Cry j 2 shown in Fig. 2, and Peptides d and e respectively 
consist of a part of the amino acids 37-38 and 69-71 of Cry j 2 shown 
in Fig. 2 . 

These six peptides were joined to each other in tandem to 
prepare the multi-epitope peptide of the present invention. In this 
case, the two peptides a and b were joined in the order of a and 
then b; the remaining three peptides (Peptides c, d and e) were joined 
at random. The sequence Arg-Arg was inserted between the peptides. 
Thus, the following six multi-epitope peptides were produced: 
C.A. #1 . a-Arg-Arg-b-Arg-Arg-c-Arg-Arg-d-Arg-Arg-e 
C.A.#2 . a-Arg-Arg-b-Arg-Arg-c-Arg-Arg-e-Arg-Arg-d 
C.A. #3 . a-Arg-Arg-b-Arg-Arg-d-Arg-Arg-c-Arg-Arg-e 
C.A. #4 . a-Arg-Arg-b-Arg-Arg-d-Arg-Arg-e-Arg-Arg-c 
C.A. #5 . a-Arg-Arg-b-Arg-Arg-e-Arg-Arg-c-Arg-Arg-d 
C.A. #6 . a-Arg-Arg-b-Arg-Arg-e-Arg-Arg-d-Arg-Arg-c 
Example 7 

Reactivity of the multi -epitope peptides with human IcrE antibody 
The six multi-epitope peptides (C.A.#1 through C.A. #6) 
obtained in Example 6 were dissolved in 0 . 2 M acetate buffer solution 
(pH 4.5) . The solution was dispensed in quantities of 0.1 ml /well 
in a black plate (manufactured by Dainihon Pharmaceutical Co. , Ltd. ) 
then allowed to stand at 4°C overnight. After the antigen solution 
was removed, the wells were washed three times with a washing solution 
and the serum (4-fold dilution) from 29 patients with cedar pollinosis 
and healthy subjects were each added to separate wells. The system 



-31- 



was then reacted at 37°C for 4 hours. After the sera were removed, 
the wells were washed three times with a washing solution then reacted 
with anti-human IgE antibody (made by Pharmacia Inc.) at room 
temperature overnight. After washing three times with a washing 
5 solution, a substrate solution containing 0 . 1 mM 4-methylumbellif eryl- 
tf -D-galacto-pyranoside/O . 01 M phosphate buf f er (pH7.0), O.lMNaCl, 
1 mM MgCl 2 , 0.1% NaN 3 and 0.1% BSA was added, and the solution was 
incubated at 37°C for 2 hours. A solution of 0.1 M glycine/NaOH (pH 
10.3) was added to the wells to terminate the reaction. Fluorescent 

10 intensity was measured using a f luorophotometer (Labsystems) . For 
positive control to each multi-epitope peptide, biotin-labeled rabbit 
anti-d epitope IgG and peroxidase-labeled streptoavidin (made by 
Pierce Inc.) were reacted. 

As a result, all sera from the 29 human subjects exhibited 

15 a fluorescent intensity of 3 to 5 to all of the six multi-epitope 
peptides (C.A.#1 through #6) (blank: 3 or 4) . In contrast, when 
the antigen Cry j 1 extracted and purified from cedar pollen was 
used, a fluorescent intensity of 1, 000 or more was noted in six subjects , 
100 or more in 14 subjects, 10 or more in four subjects and nine 

20 or less in five subjects . In contrast, rabbit anti-d epitope peptide 
IgG exhibited a fluorescent intensity of 3,000 or more in -response 
to the six consensus allergens (blank: 112; 23 0 to Cry j 1 allergen) . 
These results reveal that the order of joining each epitope site 
in the multi-epitope peptide does not affect the reactivity with 

25 human IgE antibody (Fig. 8) . 
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Examole 8 

Recognizing the T c ell epitopes in the multi-epi tope peptide 

The antigenic peptide constituting the multi-epitope peptide 
C.A.#4 obtained in Example 6 was examined to determine if the antigenic 
5 peptide actually functions as a T cell epitope. 

On a 9 6 -well micro culture plate, a mixture of 5 x 10 4 cells 
of. the autologous B cell line previously treated with mitomycin C 
and 2 x 10 4 cells of the T cell clone was incubated for 2 days in 
0.2 ml 15% serum- supplemented RPMI-1640 medium, together with, as 
10 an antigen, either 50/xg/ml of Cry j 1 and 2/zg/ml of Cry j 2, each 
antigenic peptide constituting the multi-epitope peptide C.A.#4 or 
lOjzg/ml C.A.#4 multi-epitope peptide produced by gene expression. 
After 0.5/xCi [ 3 H] thymidine was added to the medium, incubation 
was continued for a further 16 hours. After the cells were harvested 
15 on a glass filter using a cell harvester, the level of [ 3 H] thymidine 
taken up into the cells was determined using a liquid scintillation 
counter. The results are shown in Fig. 9. 

T cell clone PB8-3 that recognizes Cry j 1 pl06-120, T cell 
clone PB8-34 that recognizes Cry j 1 p211-225, T cell clone PB4-22 
20 that recognizes Cry j 2 p66-80, T cell clone PB14-5 that recognizes 
Cry j 2 pl81-195, and T cell clone PB14-3 that recognizes Cry j 2 
pl86-200, all react well with the antigenic peptide. When the 
multi-epitope peptide was used, the T cell clones are responsive 
to proliferation at a level comparable to that of each of the peptides . 
25 The proliferation response of T cell clone PB14-19 that recognizes 
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Cry j 2 p341-355 to the multi-epitope peptide stimulation was somewhat 
weak. 

Those results indicate that the antigenic peptides contained 
in the multi-epitope peptide function well as the epitopes and retain 
the T cell activating ability. 
Example 9 

Proliferation r esponse of the peripheral lymphocytes from patients 
with cedar pollinosis induced by multi-epitope peptides 

Since the multi-epitope peptide contains T cell epitope sites, 
it is necessary to induce proliferation response to peripheral 
lymphocytes upon applyingpeptide-based immunotherapy . The inventors 
thus examined if proliferation response is observed by stimulating 
peripheral lymphocytes with the multi-epitope peptide. 

Peripheral lymphocytes derived from the patients with cedar 
pollinosis or fromhealthy subjects were suspended inRPMI-1640 culture 
medium supplemented with 10% human sera. The suspension was 
distributed in each well of a 9 6 -well culture plate with a round 
bottom in a concentration of 2.5xl0 5 cells/2 00 jjl 1 . The multi-epitope 
peptide represented by SEQ NO: 1, either Cry j 1 or Cry j 2, was 
added to each well to a final concentration of 0.001 to 20/ig/ml 
of the multi-epitope peptide, 50/zg/ml of Cry j 1 or 2/ig/ml of Cry 
j 2 . The plate was incubated for 6 days . After 0 . 5 n Ci [ 3 H] thymidine 
was added to the medium, incubation was continued for a further 16 
hours. After the cells were harvested on a glass filter using a 
cell harvester, the level of [ 3 H] thymidine taken up into the cells 
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was determined using a liquid scintillation counter. 

The peripheral lymphocytes from five out of the six patients 
showed proliferation response to the multi-epitope peptide. The 
peripheral lymphocytes from one patient and two healthy subjects 
5 showed no proliferation response (Fig. 10) . 

The proliferation response of peripheral lymphocytes began 
to occur with stimulation of 0.1/zg/ml of the multi-epitope peptide 
and increased dose-dependent ly. Based on the results, the 
concentration of the multi-epitope peptide required for inducing 

10 T cell proliferation response in vitro is at least 10/zg/ml. 

Peripheral lymphocytes from 17 patients with cedar pollinosis 
and two healthy subjects were stimulated by 10 \i g/ml of the 
multi-epitope peptide to evaluate T cell response. No response to 
T cell proliferation was observed with the peripheral lymphocytes 

15 from the healthy subjects. In the 17 patients , a maximum [ 3 H] thymidine 
uptake of 9,652 cpm was observed. When [ 3 H] thymidine uptake of 
peripheral lymphocytes without antigen stimulation is regarded as 
1, the uptake of [ 3 H] thymidine by peripheral lymphocytes in the 
presence of an antigen is expressed by a stimulation index (SI) . 

20 The results are shown in Fig. 11. Upon identification of T cell 
epitopes, SI > 2 is regarded to be positive. Similarly, SI > 2 is 
judged to be proliferation responsive to the peptide. Under this 
criterion, the proliferation response was noted in 13 out of the 
17 patients (76.5%). From the results, the peptide-based 

25 immunotherapy is effective when administered to 76.5% of the cedar 



-35- 



pollinosis patients. 

When patients with cedar pollinosis are subjected to the 
peptide-based immunotherapy using the multi-epitope peptide of the 
present invention, thepfolif eration response capability of peripheral 
5 lymphocytes from the patients to the multi-epitope peptide can be 
tested in advance so that the patients responsive to proliferation 
can be selected. Such a test enables determining if the peptide-based 
immunotherapy using the multi-epitope peptide is applicable to the 
individual patient. Therapeutic effects can also be predicted to 
10 a certain extent, based on the level of proliferation response. 
Example 10 

Inducing immune t olerance bv administering cedar pollen allergen 
to mice 

The detailed mechanism in hyposensitization therapy by which 
15 cedar pollen allergen is administered for the treatment is yet unknown. 
To clarify this mechanism, tests were conducted using mice. Cedar 
pollen allergen Cry j 1 was subcutaneous ly administered twice to 
five CBF1 female mice at intervals of 5 days in a dose of 3 00 \x g/mouse . 
For control, the same dose of PBS was subcutaneous ly given to five 
20 other female mice. Five days later, the animals were sensitized 
by subcutaneous injection of lOOjtzgCry j 1 together with Alum adjuvant . 
Ten days later, the lymphocytes were isolated to pool them as the 
lymphocytes from the control group and as the lymphocytes from the 
Cry j 1-administered mice . Cry j 1 was added to the pooled lymphocytes 
25 in doses of 0, 50 and 150/zg/ml. Incubation was performed for 3 days 
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to collect the culture supernatant . IL-2 contained in the supernatant 
was measured with a device manufactured by Endogen Inc. The results 
are shown in Fig. 12. In the control (PBS-administered) mouse group, 
IL-2 production increased as the concentration of Cry j 1 increased 
5 from 0 to 50 and 150 /z g/ml. In contrast, in the Cry j 1- administered 
mouse group, IL-2 production was obviously reduced, as compared to 
the control group, indicating that immune tolerance was acquired 
by administration of the cedar pollen allergen. The results verify 
that currently implemented hyposensitization therapy using the cedar 
10 pollen allergen is efficacious. 
Example 11 

Identifying T cell epitopes in CBFl mice 

Eight-week-old male CBF1 mice were boosted (i.p.) three times 
with 10/xg of recombinant Cry j 2 (rCry j 2) at intervals of two 

15 weeks together with an adjuvant (Imject Alum, manufactured by Pierce 
Inc.). One week after the final booster, the spleen cells were 
collected from three mice and mixed together. The spleen cells (5 
x 10 6 cells) were cultured together with each of the 74 kinds of 
Cry j 2 overlapping peptides (0.115/xM) consisting of 15 residues 

20 in 0.2 ml RPMI medium (supplemented with 10% FCS, 2 mM L-glutamine, 
50 U/ml penicillin and 50 \x g/ml streptomycin) in each well of a 96-well 
plate (manufactured by Falcon Inc.) . For control, the reactivities 
with PBS, 50 \x g/ml of Cry j 1, and 0.3 \i g/ml of rCry j 2 were also 
observed. Each reagent was distributed in three wells and incubated 

25 at 37°C for 3 days in 5% C0 2 . For the last 6 hours, pulse labeling 
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was performed with 0.5/zCi/well of [ 3 H] thymidine. The cells were 
collected on a glass filter using a cell harvester (Inoteck, Bertold 
Japan Co., Ltd.). After drying, the level of [ 3 H] thymidine taken 
up into the cells was determined using a liquid scintillation counter 
(TRI-CARB 4530, Packard Japan KK) . 

CBF1 mice immunized with rCry j 2 showed a strong reactivity 
with its antigen rCry j 2 but did not react with Cry j 1 which is 
another major cedar pollen allergen. This proved that the reaction 
is antigen-specific. Among the 74 overlapping peptides tested, CBF1 
mice immunized with rCry j 2 showed marked response to Peptide Nos . 
14 and 48 as shown in Fig. 2. These results indicate that Peptide 
Nos. 14 and 48 participate in antigen presentation as the major T 
cell epitopes in CBFl mice. Peptides No. 14 and 48 are also known 
to be major T cell epitope peptides in humans. Therefore, CBFl mice 
can be a useful animal model for judging the effectiveness of peptides 
used for the peptide-based immunotherapy against cedar pollen. 
Example 12 

Immune response of antigenic Peptide No. 14 in vivo 

A solution of Peptide No. 14 (3 mg) in physiological saline 
was subcutaneous ly injected into each 8-week-old male CBFl mouse 
(8 animals /group) twice, once and then again after a 5-day interval. 
For control, an equal volume (100 y, 1) of physiological saline was 
given to the control group in the same manner. On Day 5 after the 
second administration of the peptide, all mice were sensitized by 
subcutaneous injection with 50//g/mouse of rCry j 2, together with 
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Imject Alum. One week after the sensitization, the spleen cells 
were collected from each mouse. The spleen cells (5 x 10 6 cells) 
were cultured together with 3 m g/ml of rCry j 2 in 0.2 ml RPMI medium 
(supplemented with 10% FCS, 2 mM L-glutamine, 50 U/ml penicillin 
5 and 50 \x g/ml streptomycin) in each well of a 96-well plate (manufactured 
by Falcon Inc.). An " incubation was also performed under the same 
conditions without rCry j 2 for comparison. T cell proliferation 
was determined in the same manner as in Example 1 using [ 3 H] thymidine. 
Cytokine was determined using the culture supernatant obtained by 

10 stimulating the three peptide-administered groups (0.3, 1.3, and 
10 ji g/ml) and the control group with 0.3// g/ml of Cry j 2 in vitro . 

When CBFl mice were previously subcutaneous ly administered 
Peptide No. 14, T cell immune response to the subsequent antigen 
stimulation by rCry j 2 was suppressed significantly (p < 0.01), 

15 as compared to the physiological saline group (Fig. 13). The 
peptide-administered group showed a significant decrease in IL-2 
production as compared to the control group. These results reveal 
that in the mouse model system, Peptide No. 14 exhibits the preventive 
effect for cedar pollinosis in the peptide-based immunotherapy. 

20 Example 13 

Immune res ponse of antigenic Peptide No. 48 in vivo 

A solution of Peptide No. 48 (3 mg) in physiological saline 
was .subcutaneously injected into each 6 -week-old male CBFl mouse 
twice at intervals of 5 days. For control, an equal volume (2 00// 

25 1) of physiological saline was given in the same manner. There were 
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eight animals each in the peptide-administered group and in the control 
group. On Day 5 after the second administration of the peptide, 
all mice were sensitized by subcutaneous injection with 50jug/mouse 
of rCry j 2 mixed with an adjuvant (Imject Alum) . One week after 
5 the sensitization, the spleen cells were collected from each mouse. 
The spleen cells (5 x 10 6 cells) were cultured together with 3 \x g/ml 
of rCry j 2 in 0 . 2 ml RPMI medium (supplemented with 10% FCS, 2 mM 
L-glutamine, 50 U/ml penicillin, and 50 ix g/ml streptomycin) in each 
well of a 96-well plate (manufactured by Falcon Inc. ) . An incubation 

10 was also performed under the same conditions without rCry j 2 for 
comparison. T cell proliferation was determined in the same manner 
as in Example 1 using [ 3 H] thymidine. 

When CBF1 mice were previously subcutaneous ly administered 
Peptide No. 48, T cell immune response to the subsequent antigen 

15 stimulation by rCry j 2 was suppressed significantly (p < 0.05), 
as compared to the physiological saline-administered group. This 
result indicates that in the mouse model system, Peptide No. 48 exhibits 
the preventive effect for cedar pollinosis in peptide-based 
immunotherapy (Fig. 14) . 

20 T he experimental results described above reveal that the 

conventionally implemented hyposensitization therapy in humans using 
the cedar pollen extract works on the mechanism mediated by the T 
cell epitope. 
Example 14 
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Determination of core sequence 

To determine the minimum amino acid sequence (core) of the 
Cry j 1 peptide No. 22 (pl06-120) necessary for the T cell line and 
T cell clone proliferation response, one amino acid residue each 
5 was deleted from the N and C terminals of this peptide as shown in 
Fig. 15 to prepare eleven peptides, i.e., pl07-120 (p22-2), P108-120 
(p22-3), pl09-120 (p22-4), pllO-120 (p22-5) , plll-120 (p22-6), 
P106-119 (p22-7), pl06-118 (p22-8), pl06-117 (p22-9), pl06-116 
(p22-10), andpl06-115 (p22-ll) using a peptide synthesizer (PSSM-8, 

10 manufactured by Shimadzu Seisakusho Ltd.). The T cell lines (PJ, 
PR, PB) derived from three patients with cedar pollinosis and which 
react with Cry j 1 Peptide No. 22, pl06-120, and the T cell clones 
(PB 8-3, PB 8-2, PB 9-39) from one of the patients were examined 
for the reactivity with these 11 peptides in the same manner as in 

15 Examples 1 and 2. Two T cell lines ( PJ, PB) and two T cell clones 
(PB 8-2, PB 9-39) recognized pl06-120 (p22-l) and proliferated, but 
one T cell line and T cell clone did not show any proliferation response 
(Fig. 15) . The results reveal that thepl06-120 core sequence consists 
of nine residues of "FIKRVSNVI" (the nine residues are designated 

20 as Cry j 1 #22 core) . 
Example 15 

Multi-epitope peptide conta ining T cell epitopes derived from cedar 
pollen and hinoki pollen allergens 

Two peptides (Cha o 1 #8-Cry j 1 #22 core, Cha o 1 #32-Cry 
25 j 1 #22 core) were synthesized by joining Peptide No. 8 (p71-90: 
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IFSKNLNIKLNMPLYIAGNK) , which is a T cell epitope of hinoki pollen 
allergen Cha o 1 (Japanese Patent Application No. Hei 8-153527), 
or Peptide No. 32 (p311-330: S S GKNEGTN I YNNNE AF KVE ) to Cry j 1 #22 
core sequence "FIKRVSNVI" obtained in Example 14 using a peptide 
5 synthesizer (PSSM-8, Shimadzu Seisakusho Ltd.) . An RR sequence was 
inserted between Cha o 1 #8 and Cry j 1 #22 core and between Cha 
o 1 #32 and Cry j 1 #22 core, that is, Cha o 1 #8 - Cry j 1 #22 core 
(SEQ NO: 4) and Cha o 1 #32 - Cry j 1 #22 core (SEQ NO: 5) . 

A Cry j 1-specific T cell line and a Cha o 1-specific T cell 

10 line were prepared from the patients with cedar pollinosis and hinoki 
pollinosis, respectively. The Cry j 1-specific T cell line and Cha 
o 1-specific T cell line react with neither the tubercle bacillus 
antigen (PPD) nor the hemolytic streptococcus cell wall (SCW) antigen. 
The Cry j 1-specific T cell line reacts with Cry j 1 #22 or Cry j 

15 1 #22 core but does not react with Cha o 1 #8 or with Cha o 1 #32. 
The Cha o 1-specific T cell line reacts with Cha o 1 # 8 and #32 
but does not react with Cry j 1 #22 or Cry j 1 #22 core (Fig. 16) . 
However, these T cell lines all react with the multi-epitope peptide 
of SEQ NO: 4 and with the multi-epitope peptide of SEQ NO : 5 . These 

20 results reveal that the multi-epitope peptides prepared by joining 
T cell epitopes derived from cedar pollen and hinoki pollen allergens 
are effective for peptide-based immunotherapy of patients with cedar 
pollinosis and with hinoki pollinosis. 
Example 16 

25 The prolife ration resp on s e and the cytokine production which result 
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from addition of the peptides 

Two clones, PJ7-9 and PB10-18, were employed to see if the 
activity of T cells can be altered by substituting the amino acids 
of T cell epitope peptide of the Cry j 1 #22 core. T cell clones 
PJ 7-9 and PB10-12 which react with Cry j 1 Peptide No. 22 pl06-120 
are restricted by DRB5*0101 and recognize the nine residues of the 
Cry j 1 #22 core. Each of the nine amino acid residues in the peptide 
P108-120 (VFIKRVSNVIIHG) of 13 residues including the nine residues 
were substituted with an homologous amino acid and a non-homologous 
amino acid to produce analog peptides (Figs. 17 and 18) . The reactivity 
of T cell clones PJ 7-9 and PB 10-18 with these analog peptides was 
examined in terms of the uptake of [ 3 H] thymidine. The concentration 
of cytokine in the reaction solution was measured using a cytokine 
assay kit manufactured by R&D Systems. The results are shown in 
Figs. 17 and 18. The production of IFN- y , IL-4, IL-2, and IL-5 in 
the supernatant and the uptake of [ 3 H] thymidine obtained by reacting 
the peptide of 13 residues with no amino acid substitution were regarded 
as 100%. In the PJ7-9 clone, the uptake of [ 3 H] thymidine and cytokine 
production were both markedly suppressed by substituting amino acid 
Nos. 3, 4 and 6 in Cry j 1 #22 core "FIKRVSNVI , " namely, "K, " "R, " 
and "S, " with both homologous and non-homologous amino acids or with 
only non-homologous amino acids (Fig. 17). Accordingly, the amino 
acids located in these positions are considered to be important for 
forming the complex of HLA and T cell receptor molecules via the 
peptide. Even though the first amino acid (F) is substituted with 
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its homologous amino acid Y, no change is noted in the uptake of 
[ 3 H] thymidine and production of IL-4 and IL-5, but substitution 
with a non-homologous amino acid "S n results in a marked increase 
in IFN-yand IL-2 production, even though no change is observed in 
5 the uptake of [ 3 H] thymidine. For the PB 10-18 clone, the uptake 
of [ 3 H] thymidine is suppressed by substitution of amino acid No. 
1, 2, 3, 4, 6, 7, or 8 of Cry j 1 #22 core. The amino acids located 
in these positions are considered to be important for forming the 
complex of HLA and T cell receptor molecules via the peptide. It 

10 is further observed that the IL-2 production is suppressed by 
substitution of amino acidNo . 6, 7, or 8, as compared to IL-5 production 
(Fig. 18) . These results reveal that " SIKRVSNVI" obtained by 
substituting the first amino acid F with S in Cry j 1 #22 core increases 
the production of IFN-yand is thus effective as a therapeutic agent 

15 for allergy. 

Industrial Applicability 

The multi-epitope peptide of the present invention contains 
T cell epitopes derived from distinct allergen molecules . It contains 
the peptide presented on the HLA class II molecule encoded by the 

2 o gene that frequently appears in the population of pat ients wi th al lergy . 
It further contains several peptides presented on the HLA class 
II molecules in different loci (DR, DQ, DP) . A peptide-based 
immunotherapy for effectively treating a wider range of patients 
could be realized using a multi-epitope peptide of a minimum length. 

25 When patients with allergy are subj ected to the peptide-based 
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immunotherapy using the mul ti-epitope peptide of the present invention, 
the proliferation response of peripheral lymphocytes from the patients 
to the peptide can be tested prior to the therapy, to thereby select 
patients who produce the proliferation response. This test enables 
5 judging if the peptide-based immunotherapy with the multi-epitope 
peptide applies to the patients. The therapeutic effect is also 
predictable to a certain extent based on the level of the proliferation 
response. 
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Secruence Listing 

SEQ ID N0:1 
SEQUENCE LENGTH: 80 
5 SEQUENCE TYPE: amino acid 
TOPOLOGY: linear 
MOLECULAR TYPE: peptide 
SEQUENCE DESCRIPTION: 

MKVTVAFNQF GPNRRVFIKR VSNVIIHGRR IDIFASKNFH 4 0 
10 LQKNTIGTGR RISLKLTSGK IASRRVDGII AAYQNPASWK 80 

SEQ ID NO: 2 
SEQUENCE LENGTH: 105 
SEQUENCE TYPE: amino acid 
15 TOPOLOGY: linear 

MOLECULAR TYPE: peptide 
SEQUENCE DESCRIPTION: 

MKVTVAFNQF GPNRRVFIKR VSNVI IHGRR IDIFASKNFH 4 0 
LQKNTIGTGR RWKNNRIWLQ FAKLTGFTLM GRRLKMPMYI 80 
20 AGYKTFDGRR VDGIIAAYQN PASWK 105 

SEQ ID NO: 3 
SEQUENCE LENGTH: 134 
SEQUENCE TYPE: amino acid 
2 5 TOPOLOGY: linear 
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MOLECULAR TYPE: peptide 
SEQUENCE DESCRIPTION: 

MKVTVAFNQF GPNRRVFIKR VSNVIIHGRR IDIFASKNFH 40 

LQKNTIGTGR RWKNNRIWLQ FAKLTGFTLM GRRPLWIIFS 80 

5 GNMNIKLKMP MYIAGYKTFD GRRAEVSYVH VNGAKFIRRV 12 0 
DGIIAAYQNP ASWK 13 4 

SEQ ID NO: 4 
SEQUENCE LENGTH: 31 
10 SEQUENCE TYPE: amino acid 
TOPOLOGY: linear 
MOLECULAR TYPE: peptide 
SEQUENCE DESCRIPTION: 

IFSKNLNIKL NMPLYIAGNK RRFIKRVSNV I 31 

15 

SEQ ID NO: 5 
SEQUENCE LENGTH: 31 
SEQUENCE TYPE: amino acid 
TOPOLOGY: linear 
20 MOLECULAR TYPE: peptide 
SEQUENCE DESCRIPTION: 

SSGKNEGTNI YNNNEAFKVE RRFIKRVSNV I 31 



25 
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CLAIMS 

1. A peptide-based immunotherapeutic agent comprising an 

effective amount of a multi-epitope peptide which is a linear 
5 polypeptide molecule comprising different T cell epitope regions 
joined to each other, wherein 

(1) each of said T cell epitope regions shows a positivity 
index of not less than approximately 100 when measured in a population 
of patients sensitive to allergen(s); 
10 (2) said multi-epitope peptide reacts with peripheral- 

lymphocytes from at least not less than 70% of said population of 
patients sensitive to said allergen(s); and 

(3) said multi-epitope peptide does not substantially react 
with IgE antibodies of the population of patients sensitive to said 
15 allergen(s) . 

2 . The peptide-based immunotherapeutic agent of claim 1 , wherein 
said different T cell epitope regions are derived from two or more 
different allergen molecules. 

3 . The peptide-based immunotherapeutic agent of claim 2 , wherein 
20 said different allergen molecules are cedar pollen allergens Cry 

j 1 and Cry j 2 . 

4 . The peptide-based immunotherapeutic agent of claim 1 , wherein 
a site that is processed in the antigen-presenting cells is inserted 
between each of the T cell epitope regions. 

25 5 • Th e peptide-based immunotherapeutic agent of claim 4 , wherein 
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said site that is processed in the antigen-presenting cells is an 
arginine dimer or a lysine dimer. 

6 . The peptide-based immuno therapeutic agent of claim 3 , wherein 
said peptide contains an amino acid sequence described in any of 
SEQ NO: 1, SEQ NO : 2 , or SEQ NO : 3 . 

7 . The peptide-based immunotherapeutic agent of claim 3 , wherein 
said peptide contains an epitope restricted by at least one HLA class 
II molecule selected f rom DRB5*0101 , DRB4*0101, DQA1"0102 - DQBl'0602, 
DPAl'0101 - DPB1*0501, and DPAl'0101 - DPBl*0201. 

8 . The peptide-based immunotherapeutic agent of claim 2 , wherein 
said different allergen molecules are cedar pollen allergen Cry j 
1 and hinoki pollen allergen Cha o 1. 

9 . The peptide-based immunotherapeutic agent of claim 8 , wherein 
said peptide contains an amino acid sequence of SEQ NO: 4 or SEQ 
NO: 5 . 
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ABSTRACT 



The present invention provides a monomolecular multi-epitope 
peptide prepared by binding .T cell epitope regions derived from 
5 different allergen molecules with each other. A peptide-based 
immuno therapeutic agent containing an effective amount of the 
multi-epitope peptide can prevent and treat a wide range of allergic 
diseases . 
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